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PHASE  DIAGRAMS  OF  TERNARY  LIQUID  SYSTEMS  CONTAINING 
TWO  PAIRS  OF  PARTIALLY  MISCIBLE  LIQUIDS  WITH  LOWER 
CRITIC  A  L  S  OLUTION  TEMPERATURES.  Ill 


E.  F.  Zhuravlev 
Perm'  State  University 

Translated  from  Zhiirna!  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1061-10G9,  April,  1960 
Original  article  submitted  January  7,  1959 

In  two  previous  papers  [1,  2J,  ternary  systems  were  considered  which  contained  two  binary  systems  with 
lower  critical  solution  temperatures  and  a  third  homogeneous  boundary  system  with  a  normal  behavior  of  the 
components.  We  showed  tlieoretically  and  experimentally  that  these  ternary  systems  may  be  characterized  by 
three  types  of  phase  diagrams  (Types  la,  b,  and  c)  which  are  shown  schematically  as  isotherms  in  Fig.  1.  In 
order  to  illustrate  the  Influence  of  temperature,  the  partially  miscible  regions  for  each  type  are  shown  on  a 
polytliermal  section  through  tlie  two- phase  regions  at  a  constant  composition  of  component  C.  The  two- phase 
regions  in  Fig.  2  are  shaded. 


A  i  A  BA  B 

Fig.  1.  Possible  types  of  phase  diagrams  for  ternary  liquid  systems  having  two  binary 
systems  with  lower  critical  solution  temperatures  and  the  third  binary  system  with  normal 
behavior  of  eomponents  (Type  1). 

The  present  paper  deals  with  phase  diagrams  of  ternary  systems  in  which  chemical  reaction  occurs  between 
the  components  of  tlie  homogeneous  boundary  system. 

Let  us  assume  that  in  the  ternary  system  A-B  — C  (Fig.  3)  two  of  the  boundary  systems  A  — C  and  B— C 
have  miscibility  gaps  with  lower  critieal  solution  temperatures,  while  the  third  boundary  system  A  — B  is  homo¬ 
geneous, with  chemical  reaction  occurring  between  the  components.  For  the  purpose  of  simplicity  we  shall  also 
assume  iliat  in  the  liquid  phase  there  is  only  one  chemical  compound  of  composition  AB  which  is  not  dissociated 
Uiermally.  In  view  of  tliis  limitation  the  segments  A- AB  and  AB-B  must  represent  binary  systems  with  normal 
or  close  to  normal  behavior  of  the  components. 

A  thermally  stable  compound  in  the  boundary  system  A  — B  divides  the  concentration-composition  triangle 
of  the  ternary  system  along  tlie  quasi- binary  section  AB  — C  into  two  parts,  each  of  which  is  an  Independent 
ternary  system.  The  components  of  the  quasi- binary  system  AB  — C  may  behave  in  different  ways  toward  each 
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other.  They  may  be  completely  soluble  In  each  other  or  they  may  form  a  miscibility  gap.  However,  in  tlte 
ternary  systems  now  being  considered,  the  components  of  the  quasi- binary  section  usually  interact  according 
to  the  reversible  reaction  AB  +  C  ABC. 


Fig.  2.  Polythermal  sections  of  Type  1  phase  diagrams  (at  constant 
concentration  of  component  C). 


The  most  recent  experimental  data  indicate  undoubtedly  that  ternary  systems  with  chemical  interaction 
of  the  components  of  all  three  boundary  systems  always  have  ternary  compounds.  Like  the  system  A  — B,  the 
binary  systems  A-C  and  B  — C  are  characterized  by  chemical  interaction  of  the  components,  because  other¬ 
wise  it  is  impossible  to  explain  partial  miscibility  with  a  lower  critical  solution  temperature  in  these  systems. 
Similarly,  just  as  the  binary  compounds  in  the  partially  miscible  boundary  systems  are  subject  to  thermal  dis¬ 
sociation,  resulting  finally  in  a  miscibility  gap,  so  in  the  quasi- binary  section  the  above  mentioned  reversible 
reaction  must  take  place.  Lowering  the  temperature  must  shift  the  equilibrium  to  the  right,  while  a  rise  shifts 
it  to  Uie  left. 

Thus,  the  phase  diagrams  of  these  ternary  systems  will  be  determined  by  the  physicochemical  properties 
of  the  components  of  the  quasi- binary  section,  particularly  the  thermal  stability  of  the  ternary  compound  and 
the  conditions  of  mutual  solubility. 

A,  The  Quasi-Binary  System  is  Homogeneous 

Type  2a.  In  order  for  the  quasi-binary  system  AB-C  to  be  completely  homogeneous,  the  components 
and  their  reaction  product,  the  ternary  compound,  must  be  similar  in  nature  (if  only  with  respect  to  polarity). 
Only  in  this  case  will  any  shift  in  the  equilibrium  AB  +  C  5=5=ABC  not  lead  to  a  miscibility  gap  in  the  liquid 
quasi- binary  system.  Complete  solubility  in  the  quasi- binary  system  makes  possible  the  existence  in  the  ternary 
system  A  — B  — C  of  two  separate  miscibility  gaps  which  originate  at  the  critical  solutions  of  the  boundary  systems 
A  — C  and  B  — C.  By  contrast  with  Type  Ic,  the  existence  of  separate  miscibility  gaps  does  not  depend  at  all 
on  the  relative  positions  of  the  critical  points  of  the  partially  miscible  boundary  systems.  The  nodes  of  the 
isothermal  regions  of  partial  miscibility  must  lie  in  the  direction  of  the  quasi- binary  system  because  chemical 
reaction  between  tlie  components  takes  place  there. 

B.  Quasi-Binary  System  with  a  Lower  Critical  Solution  Temperature 

The  occurrence  of  a  miscibility  gap  with  a  lower  critical  solution  temperature  requires,  first  of  all, 
chemical  reaction  in  the  quasi- binary  section.  This  condition  is  satisfied  in  the  ternary  systems  being  studied. 
However,  there  is  another  necessary  condition  which  requires  some  similarity  in  tire  properties  of  the  binary 
chemical  compound  AB  and  its  components,  but  at  the  same  time  a  difference  with  respect  to  the  properties 
of  the  third  component  of  the  system  C  such  as  is  observed  in  the  partially  miscible  boundary  systems.  Only 
in  this  case  will  the  chemical  equilibrium  AB  +  C  5=^^  ABC  result  in  a  homogeneous  solution  in  the  quasi- binary 
system  at  low  temperatures,  and  at  higher  temperatures  either  a  miscibility  gap  with  a  lower  critical  point  or 
formation  of  a  closed- ring  solubility  curve. 

The  lower  critical  solution  temperature  of  tlie  quasi-binary  system  AB-C  may  vary  considerably  from 
those  of  the  partially  miscible  systems  A  — C  and  B  — C.  Moreover,  it  is  necessary  to  consider  the  possible 
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prevailing  influence  not  only  of  the  homogeneous  system  A  — B,  but  also  of  the  partially  miscible  binary  systems 
and  the  quasi-binary  system  itself.  In  short,  each  of  the  constituent  parts  of  tlie  ternary  system  A  — B  — C  may 
have  only  one  of  the  previously  considered  forms  of  phase  diagram  inherent  in  Type  1,  and  the  same  directivity 
of  tlie  nodes.  It  is  obvious  that  combining  Type  1  triangles  with  one  anotlier,  and  analogous  triangles  with 
themselves,  at  the  edges  with  miscibility  gaps  in  die  liquid  phases,  will  both,  in  general,  lead  to  tlie  creation 
of  all  the  possible  varieties  of  phase  diagrams. 

Types  2b.  c  and  d.  These  are  formed  by  combining  two  Type  la  triangles  eldier  along  side  A  — C, 
along  different  sides,  or,  finally,  along  side  B— C.  They  differ  from  one  anodicr  by  the  relative  positions  of 
the  lower  critical  solution  temperatures  of  the  quasi- binary  system  and  the  partially  miscible  binary  systems. 

Types  2e,  f,  and  g.  These  are  formed  by  combining  two  Type 
lb  triangles  and  also  by  combining  a  lb,  and  a  la  triangle.  The  first 
case  exemplifies  a  ternary  system  in  which  all  three  lower  critical 
solution  temperatures  of  the  boundary  systems  and  the  quasi- binary 
section  are  almost  the  same.  In  the  second  case,  die  temperatures  of 
die  critical  points  of  die  quasi-binary  section  and  of  one  boundary 
system  are  the  same.  The  odier  boundary  system  may  have  a  higher 
or  lower  critical  solution  temperature. 

Types  2h  -  o.  These  are  obtained  by  combining  two  Ic  triangles 
widi  one  another  or  a  Ic  triangle  with  la  and  lb  triangles.  By  com¬ 
bining  two  Ic  triangles  there  are  formed  two  types  (2li  and  i)  of  phase 
diagrams.  When  Ic  and  la  triangles  arc  combined  along  the  sides 
with  miscibility  gaps,  four  variants  (2j,  k,  1,  and  m)  are  theoretically 
possible.  Finally,  by  combining  Ic  and  lb  triangles  two  types  (2n  and 
o)  are  obtained. 

For  die  purpose  of  summarizing  the  graphical  material,  we  did 
not  consider  it  necessary  to  present  the  isotherms  because  on  the  basis 
of  what  has  been  said  above  they  are  self-evident.  Nevertheless,  for 
an  appreciation  of  die  form  of  the  surface  which  separates  the  two- 
phase  region  from  that  of  homogeneous  solutions,  we  have  represented 
each  arrangement  of  the  system  by  a  polythermal  section,  just  as  was 
done  for  Type  1.  In  Fig.  4,  such  a  polydiermal  section  is  given  for 

type  2a,  and  in  Fig.  5  for  all  the  remaining  ones.  The  letters  des¬ 

ignating  die  polythermal  sections  correspond  to  those  designating  the 
type.  In  all  cases,  die  shaded  areas  indicate  ihe  two- phase  regions. 

We  shall  use  this  method  of  representing  the  phase  diagrams  again 
later. 

In  conclusion,  it  should  be  noted  dial  individual  types  of  phase 
diagrams  will  take  precedence  over  odiers.  One  will  be  encountered 
Fig.  4.  Polydiermal  very  frequently  and  others  less  often,  but  this  does  not  mean  that  some 

section  of  Type  2  ternary  of  them  may  not  actually  exist.  All  diagrams,  because  they  arc  formed 

systems  (at  constant  con-  by  a  rational  system  A-B,  must  have  singular  points  in  the  partially 

centration  of  component  miscible  region  in  the  quasi- binar)'  section.  Such  geometrical  diagrams 

C),  when  the  quasi- binary  will  be  obtained  when  there  is  a  diermally  dissociated  compound  in  the 

system  is  homogeneous.  homogeneous  system  A  — B.  In  diis  case,  however,  the  elements  of 

singularity  will  be  absent  in  the  phase  diagrams.  Poor  stability  in  the 
compound  AB,  wliich  Is  quantitatively  indicated  by  a  considerable  displacement  of  the  exchange  reactions 
AB  +  C  AC  +  B  and  AB  +  C  ^  BC  +  A  to  the  right,  w'ill  lead  to  a  decrease  in  the  number  of  die  above-mentioned 
phase  diagrams  of  Type  1  ternary  systems. 

C.  Quasi-Binary  System  with  Upper  Critical  Solution  Temperature 

Let  us  assume  that  the  quasi- binary  system  AB  — C  has  a  miscibility  gap  in  liquid  phases  with  an  upper 
critical  solution  temperature.  The  closing  of  the  binodal  curves  toward  a  lower  critical  temperature  proceeds 


C 


4  HB  B 


Fig.  .1.  Geometrical  representation 
of  the  formation  of  a  ternary  com¬ 
pound  and  of  exchange  reactions  in 
ternary  systems  having  two  binary 
systems  with  chemical  reaction 
between  die  components. 
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infinitely  gradually,  and  consequently  is  not  attained  in  practice.  Such  an  assumption  is  apparently  well  founded 
because  binary  systems  arc  known  which  arc  characterized  by  chemical  reaction  of  tlic  components,  and  at  tlie 
same  time  by  a  miscibility  gap  having  an  upper  critical  solution  temperature. 

This  makes  it  possible  to  consider  the  ternary  systems  being  studied  as  consisting  of  two  parts  each  of  which 
is  formed  from  two  partially  miscible  boundary  systems  with  differently  directed  critical  points.  Such  ternary 
systems  were  studied  in  detail  in  one  of  our  communications  [3J.  It  was  shown  that  when  tlie  components  of  the 
boundary  homogeneous  system  behave  normally,  diere  must  be  four  variants  of  tlie  phase  diagram  depending 
upon  the  relative  positions  of  the  critical  points  of  the  partially  miscible  binary  systems  and  upon  the  directivity 
of  tlie  exchange  reaction. 

Let  us  assume  that  in  the  system  A— B“*C  (Fig.  6)  the  binary  system  A  — B  is  homogeneous  with  normal 
behavior  of  tlie  components.  The  other  two  boundary  systems  have  partially  miscible  regions, the  system  A  — C 
having  a  miscibility  gap  with  a  lower  critical  solution  temperature  and  die  system  B  — C  an  upper.  In  addition, 

let  us  assume  diat  in  the  system  B  — C  the  components  react  chemically. 
Under  such  conditions,  in  the  ternary  system  A  — B-C,  the  exchange 
reaction  AC  +  B  s^BC  +  A  must  take  place. 

When  this  reaction  is  shifted  considerably  to  the  right,  two  types 
of  phase  diagrams  must  be  expected.  The  difference  between  them  is 
determined  only  by  die  positions  of  die  critical  solution  temperatures 
of  the  partially  miscible  boundary  systems.  Both  types  are  shown  in 
Fig.  7a  and  b  in  die  form  of  projections  of  individual  isotherms  and 
of  one  polydiermal  section  (at  constant  composition  of  component  C), 
for  each  type  of  system.  If  die  exchange  reaction  is  shifted  in  the 
reverse  direction,  then,  in  addition  to  the  type  Illustrated  in  Fig.  7a, 
tv/o  new  types  appear  as  shown  in  Fig.  7c  and  d. 

It  is  now  understandable  how  die  ternary  systems  wiiich  we  are 
studying,  and  which  have  a  miscibility  gap  in  the  quasi-binary  section, 
widi  an  upper  critical  solution  temperature,  can  be  formed  by  com¬ 
bining  types  described  above.  However,  the  directivity  of  the  exchange 
reaction  must  not  be  overlooked  when  die  possible  types  of  phase 
diagrams  are  being  derived  for  such  systems.  Actually,  in  the  system 
A  — B  — C  (see  Fig.  3)  having  one  boundary  system  A  — B  with  a  thermally  undissociated  compound  AB  and  two 
partially  miscible  boundary  systems  A  — C  and  B  — C  widi  lower  critical  solution  temperatures,  and  consequently 
with  chemical  interaction  of  die  components,  there  must  exist  at  least  one  ternary  compound.  The  quasi- binary 
system  AB-C  is  a  stable  median  and  divides  the  composition  triangle  of  die  system  into  two  secondary  systems 
in  each  of  which  an  exchange  reaction  occurs.  In  die  triangle  A  — C“AB  die  exchange  reaction  ABC  + A5*AB  + 

+  AC  is  geometrically  represented  by  die  quadrilateral  A  — AC -ABC- AB;  in  the  triangle  AB  — C  — B  the  ex¬ 
change  reaction  ABC  +  B  =f=sAB  +  BC  is  geometrically  represented  by  die  quadrilateral  AB  — ABC  — BC—  B.  Bodi 
reactions  arc  reversible  and  depending  upon  die  nature  of  die  substances  and  equilibrium  conditions  there  is  the 
possibility  of  bodi  being  shifted  simultaneously  to  die  right  or  to  die  left,  or  one  may  be  sliifted  to  die  tight  and 
the  other  to  the  left. 


C 


Fig.  6.  Geometrical  representation 
of  the  exchange  reaction  in  ternary 
systems  in  which  the  components 
of  two  boundary  systems  react 
chemically. 


Types  2p  -  r.  If  both  reactions  arc  reversed,  dien  die  whole  ternary  system  is  formed  by  combining  two 
Type  1  triangles  of  die  forms  7a  and  7b  with  themselves,  or  widi  each  odier,  along  die  B  — C  sides.  It  is  obvious 
diat  there  can  be  only  diree  combinations  and  dierefore  only  three  types  of  phase  diagrams. 

Types  2s  -  V.  If  one  exchange  reaction  is  shifted  to  die  right  and  the  other  to  the  left,  then  the  wiiole 
ternary  system  must  be  formed  by  cotnbinlng  along  die  B  — C  sides  each  of  the  7b,  7c,  and  7d  triangles  with 
one  of  the  7a  or  7b  forms.  Six  arrangements  of  phase  diagrams  are  thus  possible.  Two  of  these  are  identical 
with  types  2p  and  2r.  The  four  others  are  indicated  above. 

Types  2w  -  y.  If  bodi  exchange  reactions  are  sliifted  to  die  right,  the  phase  diagrams  of  the  whole  system 
are  formed  by  combining  7b,  7c,  and  7d  triangles  widi  themselves  and  widi  one  another.  Six  combinations  arc 
thus  possible,  three  of  wliich  are  identical  widi  types  2p,  2s,  and  2t.  Three  new  ones  are  indicated  above. 
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Since  the  above  descriptions  permit  the  isotherms  of  the  ternary  systems  studied  to  be  visualized  without 
much  difficulty,  such  graphical  material  as  was  done  previously  has  been  omitted  from  the  present  paper.  We 
consider  it  sufficient  for  the  purpose  of  understanding  the  spacial  arrangements  of  the  partially  miscible  regions 
to  show  one  polyihermal  section  for  each  type.  These  are  given  in  Fig.  8  in  which  the  letters  correspond  to  the 
type  designation. 

We  have  noted  that  four  types  (2p,  2r,  2s,  and  20  are  analogous  to  five  others.  This  similarity  appears 
only  in  the  polythermal  sections  of  the  partially  miscible  regions.  In  fact,  their  phase  diagrams  are  somewhat 
different.  This  difference  is  due  to  the  presence  or  absence  of  retrogradation  in  the  isothermal  lines  of  the 
partially  miscible  regions,  in  the  whole  system,  as  well  as  the  constituent  parts. 

It  should  be  pointed  out  that  these  phase  diagrams  for  ternary  liquid  systems  will  be  obtained  also  in  the 
case  of  a  dissociating  compound  AB.  However,  In  such  systems  the  elements  of  singularity  in  the  partially 
miscible  regions  will  probably  be  absent.  A  marked  decrease  in  chemical  reactivity  of  the  components  of  the 
homogeneous  system  A-B,  quantitatively  shown  by  shifting  of  the  equilibrium  of  the  reaction  AB  +  2C  AC  +  BC 
to  the  right,  will  lead  to  a  decrease  in  the  number  of  types  of  phase  diagrams  in  Type  1  ternary  systems. 


SUMMARY 

Possible  types  of  phase  diagrams  have  been  considered  for  ternary  liquid  systems  composed  of  two  partially 
miscible  binary  systems  with  lower  critical  solution  temperatures  and  a  diird  homogeneous  binary  system  with 
chemical  interaction  of  the  components. 


LITERATURE  CITED 


1. 

2. 

3. 


E.  F.  Zhuravlev, 
E.  F.  Zhuravlev, 
E,  F.  Zhuravlev, 


Zhur.  Obshch,  Khlm.  12  (I960).* 

Zhur.  Obshch.  Khlm.  7  (I960).* 

Khimiya  i  Khim.  Tekh.  (in  press). 


•See  C.  B.  translation. 


1084 


THE  CRYOSCOPIC  METHOD  OF  DETERMINING  MOLECULAR  WEIGHTS 


THE  BINARY  SYSTEM  ANILINE  -  ACETIC  ACID 

E.  F.  Zhuravlev  and  M,  A.  Boyarshinova 
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Physicochemical  studies  of  the  binary  system  aniline— acetic  acid  depict  it  as  one  In  which  the  components 
react  chemically.  The  fusion  curve  of  tills  system,  which  was  investigated  by  O'Connor  [1],  has  two  maxima. 

One  of  these  corresponds  to  a  solid  melting  at  16.7°  and  having  the  composition  C5H5NH2*  2C2H4O2,  while  the 
second  maximum  lies  in  a  metastable  region  and  corresponds  to  the  composition  2CjH5NH2*  C2H4O2  and  melting 
point  —  19.4*. 

Chemical  interaction  of  aniline  and  acetic  acid  is  also  Indicated  in  the  Isotherms  of  different  physical 
properties  of  tills  system.  Thus,  D.  P.  Konovalov  [2]  found  that  the  heat  of  mixing  and  the  heat  capacity  iso¬ 
therms  have  maxima  at  38  mole  °Jo  of  aniline,  and  tliat  the  electrical  conductivity  isotherm  is  characterized  by 
two  breaks  and  one  maximum.  D.  P.  Konovalov  showed  tliat  the  breaks  and  the  maximum  on  the  electrical 
conductivity  isotherms  correspond  to  simple  molecular  proportions tCgHsNH 2 *  6C2H4O2,  CgH5NH2  *  3C2H4O2, 
2C5H5NH2’  3C2H4O2.  Tliese  results  were  confirmed  by  N.  A.  Trifonov  and  S.  I.  Cherbov  [3]. 

The  viscosity  of  diis  system  was  investigated  by  Faust  [4j.  The  viscosity  isotlierms  have  a  sloping  maximum 
which  shifts  with  temperature  at  about  30  mole  %  of  amine.  V.  Ya.  Anosov  [5]  studied  this  system  by  means  of 
the  refractive  index  and  showed  that  die  maximum  deviation  from  additivity  occurs  at  62  mole  %  of  aniline. 

E.  F.  Zhuravlev  [6]  investigated  die  solubility  of  the  above  system  in  benzene.  It  was  found  that  the 
chemical  compound  2CJH5NH2  •  €211402  is  indicated  by  a  synclinal  told  in  the  partially  miscible  region  of  this 
ternary  system.  Two  maxima  in  solubility  of  die  liquid  phases,  leading  at  higher  temperatures  to  formation  of 
two  independent  miscibility  gaps  widi  upper  ternary  critical  points,  correspond  to  complexes  of  die  binary  system; 
C6H5NH2 -30211402  and  6C6H5NH2  •  C2H4O2 . 

Undoubtedly,  the  facts  presented  above  indicate  chemical  reaction  between  aniline  and  acetic  acid,  and 
also  that  diis  binary  system  is  characterized  by  a  very  complex  physicochemical  behavior  of  the  components; 
depending  upon  the  concentrations  of  the  substances  and  the  temperature  conditions,  dicre  may  exist  a  rather 
large  number  of  products  of  mutual  association.  However,  different  mediods  of  physicochemical  investigation 
reveal  only  some  details  of  die  general  picture  of  the  chemical  interactions.  This  must  explain  die  apparent 
contradictions  which  arise  during  experimental  studies  of  the  various  properties  of  the  present  system. 

For  die  purpose  of  supplementing  the  physicochemical  data  on  the  aniline  — acetic  acid  system,  we  decided 
to  study  it  by  determining  the  molecular  weight  cryoscoplcally,  using  solvents  with  different  melting  points. 
Benzene  and  naphthalene  were  selected  for  this  purpose. 

Tlie  determination  of  molecular  weight,  as  a  method  of  physicochemical  analysis,  was  used  successfully 
'  by  V.  V.  Udovenko  [7]  and  his  students.  By  constructing  molecular  weight  composition  diagrams  of  die  binary 
system,  these  audiors,  in  a  large  number  of  admittedly  selected  systems,  showed  graphically  die  existence  of  a 
relationship  between  die  molecular  weight  curves  at  fixed  concentrations  and  die  nature  of  the  mutual  behavior 
of  die  substances.  In  all  die  molecular  weight  studies  on  binary  systems  the  above-mentioned  authors  used  the 
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same  solvent  —  benzene.  E,  F.  Zhuravlev  and  M.  N.  Bychkova  [8j  showed  that  the  choice  of  solvent  Is  very 
important:  results  obtained  using  various  solvents  may  differ  not  only  quantitatively  but  also  qualitatively,  in 
view  of  this  fact,  we  selected  two  solvents  with  quite  different  melting  points  for  determining  molecular  weights 
in  the  aniline  —  acetic  acid  system.  In  this  way  we  hoped  to  learn  how  the  stability  of  individual  mutual  association 
products  in  this  system  varies  with  the  temperature  as  well  as  the  nature  of  the  solvent. 


EXPERIMENTAL 


Acetic  acid  was  prepared  by  reacting  equimolar  quantities  of  freshly  distilled  acetic  anhydride  and  water; 
the  mixture  was  boiled  in  a  flask  under  reflux  for  8  hours,  after  which  the  acetic  acid  was  distilled.  The  product 
had  a  constant  boiling  point  of  118.0*  and  a  melting  point  of  16.6*.  The  aniline  after  drying  was  distilled,  and 
the  fraction  boiling  at  182.5*  (748  mm)  was  used  in  the  experiments.  The  benzene  was  of  cryoscoplc  purity 
and  the  naphthalene  was  twice  sublimed.  The  cryoscoplc  measurements  were  made  with  a  Beckmann  apparatus. 

Benzene  solutions  were  cooled  with  a  salt- ice  mixture, 
and  with  naphthalene  boiling  water  served  as  a  thermo¬ 
static  fluid.  Molecular  weights  were  calculated  as 
described  in  [9].  The  concentration  of  the  solute  was 
expressed  as  moles  per  1000  g  of  solvent. 

Results  of  the  experimental  Investigation  are  given 
in  Tables  1  and  2.  They  are  represented  graphically  in 
Figs.  1  and  2.  The  molarity  of  the  solute  is  shown  on 


Molarity 

Fig.  1.  Dependence  of  molecular 
weight  of  the  binary  system 
aniline- acetic  acid  on  concentra¬ 
tion  in  benzene  solution. 


Fig.  2.  Molecular  weights  of  the 
binary  system  aniline-  acetic  acid 
at  ftxed  concentrations  in  benzene. 


one  axis  and  molecular  weight  on  the  other  axis.  Figures  2  and  4  show  the  system  aniline  —  acetic  acid  as  isomolar 
sections  of  the  ternary  systems. 

Determination  of  the  Molecular  Weight  of  Aniline  and  Acetic  Acid 
in  Benzene  and  Naphthalene 

In  Table  1  data  are  presented  on  the  determination  of  the  molecular  weight  of  aniline  and  acetic  acid 
dissolved  in  benzene,  in  Fig.  1,  the  dependence  of  the  molecular  weight  upon  concentration  of  solution  is 
presented  in  graphical  form  (Curves  1  and  9,  respectively).  Analogous  data  for  naphthalene  solutions  are  pre¬ 
sented  in  Fig.  3  (Curves  1  and  7). 

The  results  of  this  Investigation  show  that  the  molecular  weight  of  aniline  in  benzene  solution  as  found  by 
the  cryoscoplc  method  is  much  higher  than  its  molecular  weight  calculated  from  its  formula;  it  increases  markedly 
with  the  concentration  of  aniline  in  the  solution,  but  even  at  infinite  dilution  it  remains  10-12  units  higher  than 
the  formula  weight.  The  molecular  weight  of  aniline  changes  comparatively  slightly  with  increase  in  concentra¬ 
tion  of  the  naphthalene  solution,  and  at  infinite  dilution  it  is  equal  to  the  theoretical  value. 
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The  experimental  value  of  the  molecular  weight  of  acetic  acid  is  much  higher  tlian  the  formula  weight. 
At  infinite  dilution  of  acetic  acid  witli  benzene  and  naphthalene  its  molecular  weight  approaches  tlic  value  of 
115  units.  This  almost  corresponds  to  tlic  formula  (C2H402)2.  Our  observations  are  in  complete  agreement  with 
the  results  of  numerous  otlier  studies  of  tlie  association  of  acetic  acid  in  tlie  vapor  and  liquid  states  as  well  as  in 


TABLE  1 


Molecular  Weight  of  die  System  Aniline- 
Acetic  Acid  in  Benzene  Solutions 


No.  of 

Content 

No. 

acetic 
acid  in 

moles 

substance 

curve 

At 

M 

in 

ininary 

in  1000 

Fig.  1 

system, 
(111  ole ‘Vo) 

g  ben¬ 
zene 

0.20 

o.Ron 

108.3 

0.41 

1.726 

110.5 

1 

0.0 

0.59 

2.3!t5 

113.6 

0.74 

2.902 

115.3 

0.97 

3.668 

118.3 

0.27 

1.049 

113.5 

9 

14.8  • 

0.52 

1.915 

117.0 

0.72 

2..562 

120.5 

0.94 

3.214 

123.6 

0.31 

1.080 

118.4 

3 

33.3 

0.45 

0..55 

1 .505 
1.810 

121.3 

123.2 

1.02 

3.051) 

132.3 

0.18 

0.635 

It  6.3 

0.53 

1.688 

123.6 

40.0 

0.80 

2.425 

129.4 

1.01 

2.920 

133.9 

1.19 

3.315 

138.8 

0.19 

0.610 

118.3 

r; 

50.2 

1 

0.38 

1.180 

122.3 

1 

0.72 

2.100 

129.3 

0.96 

3.348 

135.2 

0.27 

0.800 

118.8 

6 

06.5 

0.52 

0.78 

1.465 

2.072 

125.7 

131.7 

1.02 

2.560 

138.7 

0.19 

0..545 

116.4 

0.32 

0.920 

119.3 

7 

75.0 

0.48 

1.305 

123.2 

0.81 

2.065 

132.1 

1.05 

2.525 

138.6 

0.16 

0.428 

120.7 

0.52 

1.310 

1 26.9 

8 

85.0 

0.84 

2.080 

1.30.7 

1.16 

2.693 

135.9 

1.42 

3.163 

139.9 

0.17 

0.438 

115.7 

0.49 

1.233 

118.2 

9 

100.0 

0.72 

1.778 

119.2 

1.04 

2.501 

121.8 

1.45 

3.383 

124.0 

Determination  of  the  Molecular  Weight 


aqueous  solutions  [10-14].  We  have  found  that  the  mole¬ 
cular  weight  of  acetic  acid  exceeds  120  units  at  con¬ 
centrations  greater  than  0.8  M  in  benzene  and  0,4  M  in 
naphthalene.  This  sliows  diat  association  of  the  acetic 
acid  molecule  in  the  liquid  phase  is  not  limited  to  the 
formation  of  dimers. 

TABLE  2 


Molecular  Weight  of  the  System  Aniline- 
Acetic  Acid  in  Molten  Naphthalene 


of  the  Binary  System 


Benzene  Soliuions,  The  relationship  between  molecular  weight  and  molarity  of  die  solution  is  linear  over 
die  range  of  concentrations  studied  (Fig.  1).  The  molecular  weights  of  complexes  in  die  binary  system  are  higher 
than  the  molecular  weight  of  the  pure  substances.  This  is  a  definite  indication  of  chemical  reaction  between 
die  amine  and  acetic  acid. 
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Chemical  reaction  between  aniline  and  acetic  acid  Is  more  strikingly  revealed  by  plotting  sections  of  the 
ternary  system  at  fixed  concentrations.  Such  a  section  at  infinite  dilution  is  shown  in  Fig.  2  and  It  is  characterized 
by  two  maxima  and  one  minimum.  These  molecular  weight  maxima  correspond  to  the  compounds  CgHgNHj* 
•C2H4O2  and  C6H5NH2*6C2H402,  and  the  minimum  corresponds  to  the  compound  CgH5NH2*  3C2H4O2.  These 
compounds  ate,  therefore,  the  most  stable  ones  in  dilute  solutions.  As  the  concentration  of  die  binary  system 
aniline —  acetic  acid,  increases, themaxlma  and  die  minimum  gradually  disappear,  the  minimum  remaining  at 
the  same  composition  and  tlie  two  maxima  approaching  each  other.  At  concentrations  above  0.7  M  they  blend 
Into  one  maximum  corresponding  to  UiC  formula  C5H5NH2*  2C2II4O2.  This  compound  Is  the  most  stable  in  the 
liquid  phase  at  low  temperatures  and  high  concentrations  of  the  binary  system  aniline- acetic  acid.  As  we  have 
noted  above,  it  also  appears  on  the  fusion  curve  in  tlie  form  of  a  maximum. 

Our  experimental  data  show  that  the  system  aniline- acetic  acid  isrelated  to  typical  irrational  systems 
having  a  series  of  association  products.  All  the  compounds  found  have  molecular  weights  below  the  theoretical 
values.  Even  at  low  temperatures  the  reactions  between  amine  and  acid  In  the  liquid  phase  are  reversible. 
However,  it  must  be  kept  in  mind  tliat  these  compounds  ate  subject  not  only  to  thermal  but  probably  also  to 
electrolytic  dissociation;  it  is  impossible,  otherwise,  to  explain  the  minimum  on  the  molecular  weight  curves. 

The  compound  CgH5NH2 •  3C2H4O2  is  the  most  polar.  Benzene  causes  it  to  dissociate  electrolytically  and  the 
more  it  is  diluted  by  the  solvent,  the  smaller  is  its  observed  molecular  weight.  Our  conclusions  are  in  complete 
agreement  with  investigations  of  this  system  by  electrical  conductivity  and  its  solubility  in  slightly  polar  solvents: 
electrical  conductivity  isotherms  have  maxima  corresponding  to  the  compound  C5H5NH2*  3C2H4O2.  The  maximum 
in  the  liquid  phase  solubility  gap  of  the  system  aniline -acetic  acid -benzine  corresponds  to  this  same  compound  [6]. 


Molarity 


Fig.  3.  Dependence  of  molecular  weight 
of  the  binary  system  aniline  —  acetic  acid 
on  concentration  in  molten  naphthalene. 


Fig.  4.  Molecular  weights  of  the 
binary  system  aniline—  acetic  acid 
at  fixed  concentrations  in  molten 
naphthalene. 


Solutions  in  Molten  Naphthalene.  The  relationship  between  molecular  weight  and  molarity  of  the  solution 
is  linear  over  the  range  of  concentrations  studied  (Fig.  3).  The  molecular  weight  of  isomolar  mixtures  increases 
from  tlie  amine  to  the  acetic  acid.  However,  at  low  concentrations,  several  lines  intersect  one  another.  Hence, 
the  molecular  weights  of  complexes  in  the  binary  system  aniline  -  aceticacidvary  with  the  concentrations  of 
amine  and  acid  and  are  not  completely  additive.  This  is  eloquently  illustrated  by  the  molecular  weight  curves 
in  Fig.  4. 

The  molecular  weight  curves  of  this  system  are  characterized  by  discontinuities  which  correspond  exactly 
to  the  compounds  2CeH5NH2*C2H402  and  C5H5NH2*  2C2H4O2.  Evidently,  tliese  ate  the  most  stable  compounds 
of  amine  and  acid  in  tlie  liquid  phase  at  high  temperatures.  These  are  die  same  compounds  which  appear  in 
fusion  studies  of  diis  system.  The  apparent  molecular  weights  of  the  compounds  are  very  low.  The  values  given 
by  the  molecular  weight  curves  at  infinite  dilution  are  less  dian  the  molecular  weights  of  die  pure  components  of 
the  system.  This  phenomenon  is  probably  caused  not  only  by  decomposition  of  the  amine—  acid  compounds  into 
the  original  substances  due  to  the  action  of  the  elevated  temperature  and  the  solvent,  but  also  possibly  by 
electrolytic  dissociation. 


1088 


It  is  very  interesting  to  note  tliat  the  angles  of  intersection  of  the  molecular  weight  curves  which  correspond 
to  compound  formation  change  direction  with  a  change  in  concentration  of  the  solutions.  At  low  concentrations 
of  tlie  compound  C6H5N1I2*  2C2H4O2  tlte  angle  of  intersection  of  the  molecular  weight  curves  is  turned  toward 
the  composition  axis  of  tlie  system,  and  at  high  concentrations  in  the  opposite  direction.  On  the  other  hand,  at 
low  concentrations  of  tlie  compound  2C6H5NH2*C2H402,  die  intersection  angle  is  turned  away  from  die  composition 
axis,  and  at  high  concentrations  toward  the  composition  axis.  This  is  explained  by  a  change  in  the  stability  con¬ 
stants  of  die  compounds  in  die  solutions.  The  molecular  weight  of  the  second  compound  increases  comparatively 
slowly  widi  increasing  concentration,  but  much  faster  in  the  case  of  the  first  compound.  Thus,  this  compound  Is 
die  more  stable  at  high  temperatures  in  its  own  liquid  phase. 


SUMMARY 

1.  The  binary  system  aniline-  acetic  acid  in  benzene  and  naphdialene  has  been  studied  by  molecular 
weight  measurements. 

2.  The  experimental  data  indicated  that  this  is  an  irrational  system  in  which  the  components  associate 
to  form  a  series  of  compounds.  Chemical  compounds  of  die  following  compositions  appeared  distinctly  on  the 
molecular  weight  curves;  2C5H5NH2  *  C2U4O2,  CgHsNH 2  *0211402,  CgH5Nll2*  2C2H4O2,  C4H5NH2 •  3C2H4O2  and 

C8H5NH2-6C2H402. 

3.  It  was  shown  that  the  presence  of  chemical  compounds  is  indicated  not  only  by  maxima  but  also  by 
minima  on  die  molecular  weight  curves.  Minima  appear  when  the  compounds  seem  to  be  electrolytes. 
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INVESTIGATION  OF  ORGANIC-ACID  SALTS 


II.  THE  TERNARY  SYSTEM 

I,  I.  Il’yasov  and  A.  G.  Bergman 

Rostov-  on-  Don  Institute  of  Engineering  and  Construction 

Translated  from  Zhurnal  Obshchei  Khimil,  Vol.  30,  No.  4,  pp.  1075-1078,  April,  1960 
Original  article  submitted  January  29,  1959 


Low-melting  salt  mixtures  are  of  interest  for  a  number  of  practical  purposes  and  are  convenient  subjects 
for  physicochemical  investigations.  Sodium  and  potassium  acetates  withstand  heating  to  350*  and,  briefly,  even 
to  400  *.  Cadmium  halides  differ  in  ilteir  ability  to  form  autocomplexes.  In  character  they  are  transitional 
from  typical  hetcropolar  saits  to  nonelectrolyte  salts. 


r 


Fig.  1.  Collateral  binary  systems. 


The  investigated  system  sodium  acetate  —  potassium  acetate  —  cadmium  bromide  has  the  character  of  a 
ternary  system,  but  besides,  it  is  a  stable  diagonal  cross  section  of  the  triangular  prism  of  composition  of  the 
quaternary  reciprocal  system  Na,  K,  Cd  ||  Br,  CHjCCXD, 

EXPERIMENTAL 

The  method  of  investigation  was  described  earlier  [1].  Melting  points  of  the  salts:  NaCXX)CH3  328*, 
KOOCCH3  306*,  and  CdBr2  568*.  For  brevity,  only  part  of  the  experimental  data  are  given  in  the  tables. 
All  composition  data  are  given  in  equivalent  percentages. 

Binary  Systems 

1.  NaOC)CCH3-  KCXX^CHj  (see  tlie  preceding  article  [1]).  Contrary  to  earlier  data  [2,  3],  the  system 
forms  the  incongruently  melting  compound  NaC>OCCH3»  2KO(X)CH3.  The  eutectic  point  corresponds  to  240* 
and  50*70  KOOCCHs.  The  transition  point  is  255 *  and  65*70  KOOCCIL  (Fig.  l). 
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2.  (NaOCX]CH3)2  — CdBr2  was  studied  by  us;  it  is  a  quasi- binary  system,  being  a  stable  diagonal  of  the 
reciprocal  system  Na,  Cd  ||  Br,  CH3COO.  The  eutectic  corresponds  to  293'  and  75%  (NaC)OCCH3)  2  (Fig.  1, 
table). 

3.  (KOC)GCH3)2~CdBr2  was  studied  by  us.  It  is  a  stable  diagonal  of  the  reciprocal  system  K,  Cd  ||  Br, 
CHjCOO.  The  eutectic  corresponds  to  283*  and  88.5%  (KOOCQl3)2  (Fig.  1,  table). 

Ternary  System 

(NaOOCCH3)2~  (KOOCQl3)2  — CdBr2.  Five  internal  sections  were  investigated  (Fig.  2,  table),  and  on 
tlie  basis  of  these  tlie  phase  diagram  of  the  ternary  system  was  constructed.  The  crystallization  surface  consists 
of  four  fields  having  in  common  a  triple  eutectic  point  at  229*  and4%CdBr2,  48%  (NaC)OCCH3)2,  and  48% 
(K00CCH3)2  and  a  transition  point  at  242'  and  4.5%  CdBr2,  33%  NaCXXi:ai3,  and  62.5%  (KOC)CCHj)2. 


Fig.  2.  Phase  diagram  of  the  ternary  system  (NaOC)CCH3)2~  (KC)OCCH3)2- 
~CdBr2:  disposition  of  internal  sections  and  trlangulatlon. 

The  system  is  divided  by  the  triangulating  section  CdBr2-NaOOCCH3*  2KO(X:CH3  into  two  triangles  with 
acommonside;  I)  NaOOCCH3- CdBr 2-NaOOCCH3- 2KOOCCH3  and  II)  NaOCX:CH3- 2KOC)Cai3-CdBr2- 
-  KOOCCH3. 

The  isotherms  within  the  fields  of  the  components  bulge  away  from  the  composition  apex.  In  its  general 
character  the  diagram  of  tliis  ternary  cross  section  is  a  stable,  diagonal  cross  section  of  tire  quaternary  reciprocal 
system  Na,  K,  Cd  ||  Br,  CH3COO,  Melts  of  tliis  system  are  stable  up  to  350*  and  may  be  heated  briefly  to 
400',  but  in  this  case  appreciable  decomposition  occurs,  minute  gas  bubbles  being  evolved. 

SUMMARY 

The  system  sodium  acetate  —  potassium  acetate  —  cadmium  bromide  was  studied.  In  tire  phase  diagram 
of  tlie  system  there  are  four  crystallization  fields  having  in  common  a  triple  eutectic  point  at  229*  and  a 
transition  point  at  242*. 
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Original  article  submitted  December  29,  1959 

The  simplest  form  of  metastable  equilibria  between  liquid  phases  was  found  in  the  ternary  system  salicylic 
acid  —  water- ethanol  [1],  In  the  diagram  of  state  of  die  system  the  volume,  corresponding  to  metastable 
equilibria,  begins  ai  tire  plane  of  the  binary  system  (salicylic  acid  — water)  and  ends  within  the  prism  of  the 
ternary  system;  it  has  no  special  geometric  elements.  Antlrranilic  acid  is  similar  to  salicylic  acid  in  its  mole¬ 
cular  structure  and  its  behavior  in  binary  systems  with  water  (see  below).  On  tlie  strengtli  of  tills  it  might  be 
supposed  tliat  their  ternary  systems  with  aqueous- alcoholic  solvents  would  present  similar  pictures  of  phase 
equilibria.  To  elucidate  tlie  given  question,  the  ternary  system  antliranilic  acid  —  water  -  etlianol  was  investigated 
with  regard  to  stratification  and  melting  point  in  tlie  present  work. 

EXPERIMENTAL 

Of  the  binary  systems  which  arc  components  of  the  given  ternary  one,  the  system  water  —  ethanol  was 
described  in  detail  earlier  [Ij.  It  belongs  to  tlie  class  of  systems  witli  simultaneous  decomposition  of  associated 
components  and  diemlcal  Interaction.  The  system  antliranilic  acid  —  water  was  investigated  wltli  regard  to 
melting  point  and  stratification  [2j.  In  it  (as  in  the  system  witli  salicylic  acid)  a  curve  of  metastable  liquid- 
phase  equilibrium,  witli  an  upper  critical  point  at  78"  and  an  antliranilic  acid  content  of  38%, was  found.  The 
system  antliranilic  acid  — etlianol  was  studied  with  regard  to  melting  point  in  the  present  work. 

The  following  reagents  were  used:  anthranilic  acid,  m,  p.  145", 
redistilled  water,  and  distilled  96%  ethanol,  b.  p.  78";  the  latter  was 
not  dehydrated,  since  aqueous- alcoholic  mixtures  were  prepared  from  it, 
the  water  contained  in  it  being  taken  into  account. 

Investigations  with  regard  to  stratification  were  carried  out  by 
V.  F.  Alekseev's  visual- polytliermal  method  [3]  in  sealed  glass  ampules 
in  a  glycerol  thermostat,  crystallization  being  delayed.  The  latter  was 
studied  in  tlie  same  ampules. 

In  the  System  Ethanol  -  Anthranilic  Acid,  crystallization  of  the 
latter  was  studied  in  tlie  interval  from  its  melting  point  to  60*  by  the 
Shreder  metliod  [4],  and  also  by  the  method  of  internal  priming  [5], 
Numerical  data  obtained  are  given  in  Table  1;  the  crystallization  curve 
is  sliown  in  Fig.  1  (Curve  0).  Tlie  latter  drops  sharply  downward;  this 
indicates  that  the  solubility  of  salicylic  acid  in  etlianol  depends  only 
slightly  on  temperature. 

Tlie  Ternary'  System  Anthranilic  Acid  —  Water—  Etlianol  was  studied  with  regard  to  stratification  and 
melting  point  (by  tlie  indicated  methods)  through  the  investigation  of  polythermal  sections  through  its  prism. 


Equilibrium  In  die  System 
Anthranilic  Acid -Ethanol 


Anthranilic  | 
acid  (wt.  %)  1 

Crystallization 

temperature 

40.11 

60.5° 

4'.t.K7 

73.0 

50.91 

85.0 

70.00 

07.5 

80.11 

111.0 

00.00 

124.5 

100.00 

145.0 
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passing  from  the  anthranillc  acid  edge  to  the  face  of  tlie  binary  system  water  -  etlianol.  Numerical  data  obtained 
are  given  in  Table  2;  die  polytherms  are  shown  in  Fig.  1,  in  which  melting-point  (Cr)  and  stratification  (St) 
curves  of  the  system  anthranilic  acid  -  water  are  given.  Stratification  was  found  only  in  the  case  of  the  first  two 
sections.  The  stratification  polytherms  are  qualitatively  similar  to  the  stratification  curve  of  the  system  anth¬ 
ranillc  acid-  water.  On  moving  from  die  latter  to  the  second  section  diey  bound  all  smaller  regions  of  liquid- 
phase  equilibria  and  have  decreased  upper  consolute  temperatures.  The  crystallization  curves  of  the  ternary 
mixtures  drop  sharply  downward,  but  in  sections  with  stratification  over  the  crystallization  curves,  the  latter 
have  gently  sloping  portions. 


TABLE  2 

Polytherms  of  the  Ternary  System  Anthranilic  Acid  —  Ethanol  —  Water 


Anthranilic 

Temperature 

Anthranilic 
acid  (wt.  %) 

Temperature 

acid  (wt.  %) 

of  stratifi¬ 
cation 

of  crystalli- 
zatlcfn 

of  strati¬ 
fication 

of  crystalli¬ 
zation 

Section  1 : 10%  ethanol,  90%wateri 


10.21 

— 

85.00 

20.04 

65.00 

87.5 

29.80 

71.5 

89.0 

40.11 

76.0 

91.5 

49.90 

77.0 

94.5 

1X1.00 

75.0 

98.5 

70.07 

70.5 

103.0 

80.14 

— 

111.0 

89.90 

— 

121.5 

Section  2:  20%  ethanol,  80%  water 

9.63 

79.00 

20.10 

— 

84.0 

30.00 

— 

85.5 

40.13 

67.0” 

8(i.O 

50.00 

75.0 

88.5 

GO.OO 

[  68.0 

93.0 

70.11 

100.0 

79.00 

108.0 

89.92 

120.5 

Section  3 ;  40%  ethanol,  60% water 


.30.10 

— 

80.5° 

40.00 

— 

1  83.0 

49.89 

— 

1  85.5 

60.12 

— 

91.5 

70.08 

— 

98.5 

80.00 

— 

110.5 

90.00 

— 

124.5 

Section  4 

:  60%  ethanol,  40%water 

49.85 

_ 

63.0° 

60.07 

— 

78.0 

7013 

— 

92.5 

80.00 

— 

106.5 

90.00 

— 

123.5 

Section  5: 

30%  ethanol,  207o  water 

.50.0  1 

_ 

66.0° 

60.06  1 

— 

80.0 

70.00 

— 

93.5 

8000 

— 

108.0 

89.05 

— 

124.0 

Figure  1  shows  that  the  stratification  curves  of  all  sections  (as  in  the  binary  system  anthranilic  acid— water) 
lie  under  the  crystallization  curves  of  die  acid.  Hence,  die  entire  stratification  surface  of  the  ternary  system 
lies  under  the  crystallization  surface  of  anthranilic  acid.  Thus  the  entire  stratification  volume  of  the  ternary 
system  is  a  volume  of  metastable  liquid- phase  equilibrium. 

Five  solubility  isotherms  of  the  ternary  system  anthranilic  acid  —  water  -  ethanol  were  constructed  from 
the  polytherms  obtained:  stratification  isotherms  at  70,  75,  and  77*  and  crystallization  isotherms  at  80  and  85* 
(Fig.  2).  The  stratification  isotherms  clearly  show  that  the  volume  of  the  two-phase  liquid  state  adjoins  the 
side  of  the  binary  system  and  lies  along  it.  Therefore,  die  upper  point  of  this  volume  is  the  critical  point  C 
of  the  indicated  binary  system  at  78*.  From  Fig.  2,  it  is  evident  diat  the  stratification  volume  is  very  narrow, 
and  extends  only  up  to  a  content  of  13-15%  edianol  in  the  mixtures,  in  die  prism  of  die  ternary  system.  Thus, 
edianol  is  a  very  powerful  homogenizer  of  stratification  in  the  binary  system  anthranilic  acid  -  water. 

The  crystallization  Isotherms  for  solid  anthranilic  acid  in  water  -  ethanol  mixtures  have  solubility  maxima. 

It  is  of  interest  diat  these  maxima  occur  in  die  binary  system  water  —  edianol  at  a  molar  ratio  of  about  1 :1 
between  the  components,  as  in  die  ternary  system  with  salicylic  acid.  Therefore,  the  binary  system  water —ethanol 
is  a  solvent  system  [6]  with  respect  to  anthranilic  acid. 
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Anthranllic  acid 


Fig.  1.  Polytlierms  of  die  ternary  system 
andiranilic  acid—  water  —  ethanol,  ft) 
Crystallization  curve  of  the  system 
andiranilic  acid  —  ethanol:  Cr  and  St 
are  crystallization  and  stratification 
curves,  respectively,  of  die  system 
aiitiitanilic  acid—  water.  Ethanol  con¬ 
tent  in  eihanol  —  water  mixtures 
1)  10;  2)  20;  3)  40;  4)  60:  5)  80. 


Fig.  2.  Solubility  isodierms  of  the 
ternary  system  andiranilic  acid  — 

-  water -ethanol.  C  is  the  critical 
point  of  the  system  andiranilic 
acid  —  water. 

SUMMARY 


1.  The  ternary  system  andiranilic  acid  -  water- 
—  ethanol  was  studied  with  regard  to  stratification  and 

melting  point.  It  was  found  to  be  a  ternary  system  with  one  narrow  volume  of  metastable  equilibrium  between 
liquid  phases,  adjoining  the  plane  of  dip  binary  system  andiranilic  acid  — water. 

2.  It  was  shown  diat  the  binary  system  water  —  ethanol  is  a  solvent  system  for  anthranilic  acid. 


LITERATURE  CITED 

1.  I.  L.  Krupatkin,  Zhur.  Obshch.  Khim.,  Collection  1,  151  (1953). 

2.  Flaschnet  and  Rankin,  Monatsh.  23  (1910). 

3.  V.  F.  Alekseev,  Zhur.  Russ.  Fiz.-Khim.  Obshchestva  8,  249  (1876). 

4.  I.  F.  Shredcr,  Gornyi  Zhur. ,  No.  11  (1890). 

5.  1.  L.  Krupatkin,  Zhur.  Obshch.  Khim,  2B,  1831  (1956).* 

6.  R.  V.  Menslln  and  V.  D.  Vasev,  Zhur.  Obshch.  Khim,  21,  417  (1951).* 


•  Original  Russian  pagination.  See  C.  B,  translation. 


1097 


PHYSICOCHEMICAL  INVESTIGATION  OF  SOLUTIONS  OF  CERTAIN 
MONATOMIC  ALCOHOLS  IN  ACETONE 

R,  F.  Mocharnyuk 

Institute  of  Physical  Chemistry,  Academy  of  Sciences  of  the  Ukr  SSR 

Translated  from  Zhumal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1081-1086,  April,  1960 

Original  article  submitted  November  28,  1958 


The  densities,  viscosities,  latent  heats  of  vaporization,  and  critical  temperatures  of  monatomic  alcohols 
[1-4]  and  dielr  solutions  in  water  and  monocarboxylic  acids  [5]  were  studied  earlier.  The  purpose  of  the  present 
Investigation  was  to  study  the  viscosity,  density,  latent  heat  of  vaporization,  and  critical  temperature  of  solutions 
of  methanol,  ethanol,  propanol,  and  butanol  in  acetone.  Some  graphical  data  on  the  main  results  of  investigation 
of  these  solutions  are  given  in  [6].  Investigation  of  molecular  light  scattering  showed  that  these  solutions 
belong  to  die  molecular- mixed  type  [7], 

EXPERIMENTAL 

The  substances  used  in  the  work  were  carefully  purified.  The  methanol,  ethanol,  propanol,  and  butanol 
were  dried  over  metallic  calcium  and  distilled  through  a  rectification  column,  the  fractions  boiling  at  64.6, 

78.3,  97-97.4,  and  117.2-117.7*,  respectively,  being  collected  in  this  case. 

The  acetone  was  refluxed  in  a  flask  with  potassium  permanganate  for  4-5  hours.  The  distilled  acetone  was 
kept  over  fresh  anhydrous  calcium  chloride  and  distilled  over  CaClj,  the  fraction  boiling  at  5ff  being  collected. 


20 


Acetone  (mole  °Jo) 


Fig.  1.  Viscosity  isotherms  of  solutions 
of  methanol  (1),  ethanol  (2),  propanol 
(3),  and  butanol  (4)  in  acetone. 


B/n 


Fig.  2.  Concentration  dependence 
of  the  activation  energy  for  viscous 
flow  of  solutions  of  methanol  (1), 
ethanol  (2),  propanol  (3),  and 
butanol  (4)  in  acetone. 
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The  viscosity  measiireinents  were  carried  out  in  a  closed  capillary  viscosimeter,  described  earlier  [1],  The 
viscosity  was  investigated  in  a  broad  temperature  interval,  from  21^  to  90*.  The  critical  temperature  of  the 
solutions  was  determined  itirough  the  disappearance  of  the  meniscus.  Results  of  the  viscosity  and  critical- tem¬ 
perature  measurements  are  given  in  Table  1,  and  viscosity  isoilierms  at  50*,  in  Fig.  1.  The  temperature- depend¬ 
ence  curves  of  solutions  of  alcohols  in  acetone  lie  between  die  curves  of  the  components,  and  are  located  higher, 
the  higher  the  critical  temperature  of  die  solution. 

In  all  cases  considered,  the  temperature  dependence  of  viscosity  follows  an  exponential  law.  The  con¬ 
centration  dependence  of  die  activation  energy  for  viscous  flow  is  shown  in  Fig.  2. 


TABLE  1 

Viscosity  (i/)  and  Critical  Temperature  of  Solutions  of  Monatomic  Alcohols 
in  Acetone 


Acetone 
concentra- 
Uon  (mole 
io) 

V  ■ 

10®  (in  stokes) 

Critical 

temperature 

25’ 

50- 

70" 

90" 

Solutions  of  methanol  in  acetone 

0.00 

6.90 

5.12 

4.15 

3.47 

240.7® 

5.10 

6.46 

4.84 

3.93 

3.30 

239.0 

1.5.2/i 

5.08 

4.31 

3.00 

3.04 

237.0 

5.00 

3.!I0 

3.28 

2.85 

234.5 

/4'..30 

4.48 

3..57 

3.01 

2.65 

234.0 

59.01 

4.21 

3.42 

2.!  1.5 

2.62 

2.34.0 

70.31 

3.98 

3  2!t 

2.87 

2.55 

234.0 

100  0 

3.!  to 

3.23 

2.83 

2.51 

235.5 

Solutions  of  ethanol  in  acetone 

O.OO 

14.10 

9.34 

6.86 

5..50 

241.0 

10..54 

10.24 

7.14 

5.50 

4.3!) 

240.5 

20.58 

8..50 

0.09 

4.82 

3.93 

240.0 

37.00 

0.33 

4.8!i 

3.97 

3.34 

238.0 

.50.2!) 

5.41 

4.22 

.3.,50 

3.07 

237.5 

04.05 

4.73 

3.78 

,3.25 

2.86 

236.8 

7!).50 

4.29 

3.4!  t 

3.02 

2.64 

235.7 

Solutions  of  propanol  in  acetone 

0.00 

25.20 

14.18 

9.73 

0.98 

263.0 

10.(i3 

18.24 

11.14 

7.98 

.5.94 

200.7 

20.19 

12.17 

8.0.t 

0.13 

4.82 

257.0 

43.40 

!».31 

6. <>7  i 

3.2 1 

4.23 

253.7 

62.38 

5.99 

4.5!!  ; 

3.84 

3.27 

2.50.0 

77.67 

4.88 

3.!t8  1 

3.34 

2.93 

244.0 

Solutions  of  butanol  in  acetone 

0.00 

31.69 

18.00 

12.01 

8.51 

287.0 

10.39 

21.15 

13.01 

9.29 

6.94 

284.0 

1!».19 

10.89 

10.87 

8.03 

6.10 

282.0 

34.80 

11.41 

7.!l1 

0.15 

4.90 

274.5 

50.29 

8.20 

0.07 

4.!'0 

4.00 

20!).5 

64.93 

6.32 

4.87 

4.00 

3.49 

2.58.0 

78.91 

4.‘t8 

4.00 

3.45 

3.00 

2.51.0 

The  activation  energy  is  a  quadratic  function  of  the  concentration;  i.e.,  it  is  described  by  the  equation 


(1) 
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where  B  is  the  activation  energy,  C  is  the  concentration,  and  U  is  tlie  energy  of  interaction  between  molecules; 
of  the  alcohol  [UuJ,  acetone  [U2J,  and  different  types  [Uja] ;  a  =  Uy  +  U22  ~  2U12;  3  =  2(Ui2  ~  U22). 

Numerical  values  of  the  coefficients  a ,  8 ,  and  y  and  values  of  Uu,  U22.  and  Ui2.  calculated  from 
them,  are  given  in  Table  2. 


TABLE  2 


Solution 

a 

. 

1 

U„  !U22  ^ 

(kcal/ mole)|(l<cal/ mole) 

U,2 

(kcal/ mole) 

Methanol-acetone 

0.493 

0.2.68 

1.46 

2.29 

1.45 

1.68 

Ethanol-  acetone 

1.61 

0.844 

1.46 

3.26 

1.45 

1.49 

Propanol—  acetone 

2.20 

0.6.66 

1.45 

4.27 

1.45 

1.78 

Butanol-  acetone 

1.89 

0.811 

1.45 

4.45 

1.45 

1.86 

TABLE  3 

Density  (d^)  of  Solutions  of  Monatomic  Alcohols  in  Acetone 


Acetone 

Temperature 

cone. 

(wt.  %) 

30® 

b0° 

70® 

90® 

Solutions  of  methanol  in  acetone 

0.00 

0.782 

0.763 

0.743 

0.723 

8.91 

0.790 

0.776 

0.758 

0.735 

24.89 

0.787 

0.766 

0.745 

0.723 

43.44 

0.787 

0.766 

0.743 

0.721 

61.11 

0.786 

0.764 

0.741 

0.718 

72.30 

0.784 

0.760 

0.737 

0.715 

Solutions  of  ethanol  in  acetone 

000 

0.781 

0.763 

0.744 

0.725 

13.66 

0.783 

0.765 

0.746 

0.726 

24.63 

0.782 

0.762 

0.742 

0.721 

43.18 

0.783 

0.762 

0.740 

0.719 

56.04 

0.782 

0.760 

0.738 

0.717 

69.76 

0.783 

0.760 

0.736 

0.715 

83.03 

0.781 

0.758 

0.734 

0.712 

Solutions  of  propanol  in  acetone 

0.00 

0.799 

0.781 

0.763 

0.744 

9.37 

0.797 

0.779 

0.761 

0.742 

22.62 

0.794 

0.775 

0.756 

0.735 

31.82 

0.792 

0.772 

0.752 

0.730 

52.60 

0.789 

0.768 

0.746 

0.723 

65.60 

0.787 

0.764 

0.741 

0.719 

76.81 

0.784 

0.761 

0.738 

0.716 

Solutions  of  butanol  in  acetone 

0.00 

0.803 

0.787 

0.770 

0.752 

8.32 

O.SUO 

0.784 

0.766 

0.748 

15.68 

0.800 

0.782 

0.764 

0.745 

29.48 

0.796 

0.777 

0.758 

0.7.38 

44.22 

0.792 

0.772 

0.752 

0.731 

59.20 

0.789 

0.768 

0.747 

0.725 

75.60 

0.785 

0.763 

0.741 

0.718 
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As  follows  from  the  data  obtained,  the  energy  of  interaction  between  molecules  of  alcohols  and  acetone 
is  less  than  between  molecules  of  alcohols,  but  greater  than  between  acetone  molecules.  This  is  confirmed  by 
the  results  of  thermodynamic  calculations  of  these  quantities  [8], 

The  density  of  the  solutions  was  determined  by  the  float  method  [2],  based  on  fixing  of  the  position  of 
neutral  equilibrium  of  a  glass  float  in  the  liquid  under  investigation;  the  float  was  graduated  beforehand  in 
another  liquid,  of  known  density.  The  error  of  density  measurement  by  this  method  is  about  0.1*70.  Results  of 
the  density  measurements  are  given  in  Table  3. 

In  characterizing  the  volumetric  properties  of  the  solutions  it  is  of  interest  to  consider  the  temperature 
and  concentration  dependence  of  the  apparent  molar  volume  of  the  substance.  If  the  true  molar  volume  of  the 
dissolved  substance  is  subtracted  from  the  latter,  the  resulting  difference  is  determined  by  the  interaction  of  the 
dissolved  substance  and  the  solvent,  and  therefore  is  of  considerable  interest.  We  calculated  the  apparent  molar 
volumes  of  acetone  dissolved  in  alcohols  at  30  and  70*  (Fig.  3).  In  methanol  and  ethanol  a  certain  decrease 
in  tile  apparent  molar  volume  of  acetone  is  observed  only  at  high  concentrations  of  the  alcdiol,  whereas  in 
propanol  and  butanol  the  acetone  molecule  does  not  contract.  The  degree  of  contraction  also  is  unaffected  by 
an  increase  in  temperature.  The  contraction  of  acetone  is  apparently  determined  both  by  the  amount  of  change 
in  the  free  volume  of  the  solvent  and  by  the  extent  of  intermolecular  interaction  occurring  in  the  solution. 


Fig.  3.  Concentration  dependence  of  the 
apparent  molar  volume  of  acetone  dissolved 
in  methanol  (l),  ethanol  (2),  propanol  (3), 
and  butanol  (4). 


Fig.  4.  Isotherms  of  the  latent 
heat  of  vaporization  of  solutions 
of  methanol  (1),  ethanol  (2),  and 
butanol  (3)  in  acetone  at  40*. 


TABLE  4 

Latent  Heat  of  Vaporization  (L)  of  Solutions  of  Monatomic 
Alcohols  in  Acetone  at  40* 


Methanol-  acetone 
system 


Ethanol— acetone  'Butanol  “■  acetone 
system  'system 


acetone,! 
mole  °Jo  j 

L 

(kcal/M) 

acetone  J 
mole  °Jo  1 

1 

L 

(kcal/M)j 

acetone,  | 
mole  °lo 

L 

(kcal/M) 

0.0 

>6.1 

0.00 

9.0 

0.00  ! 

12.4 

15.89 

5.9 

21.51 

6.0 

30.04  1 

7.7 

35.39 

5.5 

43.S9 

5.3 

53.15 

6.7 

60.91 

.  5.6 

69.87 

80.87 

5.3 

100.0 

5.7 

j  -in 

— 
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The  latent  heat  of  vaporization,  being  a  quantity  directly  related  to  intermolecular  interaction  in  liquids, 
can  give  valuable  information  on  processes  occurring  in  solutions.  The  latent  heat  of  vaporization  was  measured 
by  a  compensation  micrometliod  [9].  The  error  of  measurement  did  not  exceed  5%.  The  results  of  heat-of- 
vaporization  measurements,  given  in  Table  4  and  Fig.  4,  show  that  the  isotherms  are  convex  with  respect  to  the 
composition  axis. 

This  indicates  that  the  extent  of  interaction  between  molecules  of  acetone  and  an  alcohol  is  less  than 
between  alcohol  molecules.  Actually,  as  was  shown  by  the  optical  investigations  of  Malyshev  [10],  two  types 
ofbondsmust  be  distinguished  in  pure  alcoiiols:  the  hydrogen  bond  and  the  stronger  hydroxyl  bond.  On  dilution 
of  the  alcoiiol  with  acetone  the  probability  of  favorable  orientation  for  tlie  formation  of  a  hydroxyl  bond  between 
alcohol  molecules  decreases,  and  the  weaker  hydrogen  bonds,  formed  bodi  between  molecules  of  different  kinds 
and  between  alcohol  molecules,  predominate  in  the  solution.  Corresponding  to  this,  the  latent  heat  of  vaporiza¬ 
tion  of  the  solution  at  high  acetone  concentrations  is  less  than  the  latent  heat  for  the  pure  components.  This 
also  agrees  with  tlie  results  of  viscosity  measurements  set  fortli  above. 


SUMMARY 

1.  The  viscosity,  density,  critical  temperatures,  and  latent  heat  of  vaporization  of  solutions  of  methanol, 
edianol,  propanol,  and  butanol  in  acetone  were  studied. 

2.  On  the  basis  of  a  study  of  the  concentration  dependence  of  activation  energy  for  viscous  flow  and 
certain  calculations,  it  was  shewn  that  tlie  interaction  between  molecules  of  alcohols  and  acetone  is  weaker 
than  the  interaction  between  alcohol  molecules  but  more  pronounced  than  that  between  acetone  molecules. 

3.  Study  of  solution  densities  in  a  wide  temperature  and  concentration  interval  made  it  possible  to 
evaluate  the  contraction  of  acetone  in  the  solutions. 

4.  Data  on  tlie  latent  heat  of  vaporization  of  the  solutions  are  in  accord  with  the  results  of  viscosity 
measurements  with  respect  to  the  character  of  interaction  in  tlie  solutions. 
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Electron- diffraction  and  optical  investigations  [1,  2J,  and  also  a  study  of  the  molar  polarization  [3j  of 
solutions  of  acids  in  various  solvents,  indicate  tlie  presence  of  dimeric  forms  of  tlie  acids.  These  dimeric  forms 
arc  stable,  as  is  confirmed  by  their  existence  in  the  gas  pliase  at  temperatures  up  to  200*. 

As  the  investigations  of  Davis  [4J  showed,  in  some  solvents  the  bond  energy  of  the  acid  dimers  depends  to 
a  considerable  extent  on  the  dielectric  constant  of  the  solvent.  As  a  result  of  tliis,  the  dimers  may  be  completely 
dissociated  at  appreciable  dilutions  in  a  solvent  with  a  high  dielectric  constant.  Hence,  for  instance,  in  solutions 
in  acetone,  wliicli  lias  a  relatively  high  dielectric  constant,  one  can  expect  a  rather  complex  picture  of  the 
structure,  depending  to  a  considerable  degree  on  the  acetone  concentration.  Roshchina  [5j  investigated  molecular 
light  scattering  in  solutions  of  acetic,  butyric,  and  caproic  acids  in  acetone.  In  works  [6,  7J  the  viscosity  of  cer¬ 
tain  systems,  consisting  of  ketones  and  organic  acids,  was  investigated. 

In  the  present  work  tlie  viscosity,  density,  critical  temperature,  and  latent  heat  of  vaporization  of  solutions 
of  formic,  acetic,  propionic,  butyric,  and  caproic  acids  in  acetone  were  studied.  Some  graphical  data  on  these 
solutions  were  published  earlier  [8J. 


EXPERIMENTAL 

Tlie  starling  materials  were  carefully  purified.  C.  P.’gradc  formic  and  acetic  acids  were  purified  by 
multiple  fractional  freezing.  In  this  way  acids  witli  m.  p.’s  8.5  and  16.2*  were  obtained.  Propionic,  butyric, 
and  caproic  acids  were  distilled  three  times,  the  fractions  boiling  at  140-141“,  163-164*,  and  204.5-205* 
being  collected.  Acetone  purification  and  the  experimental  procedure  were  described  earlier  [9]. 

Viscosity  and  density  were  studied  in  the  temperature  interval  25-90*  and  the  latent  heat  of  vaporization, 
at  40*.  The  results  of  viscosity  and  critical- temperature  measurements  are  given  in  Table  1,  whereas  the 
viscosity  isotherms  at  50“  for  all  five  systems  ate  shown  in  Fig.  1.  As  in  the  case  of  solutions  of  alcohols  in 
acetone,  the  curves  of  tlie  temperature  dependence  of  viscosity  of  these  solutions  lie  between  the  corresponding 
curves  for  pure  components  and  in  die  order  of  increase  of  dieir  critical  temperatures. 

In  all  solutions  of  acids  in  acetone,  which  we  investigated,  die  temperature  dependence  of  viscosity 
closely  follows  an  exponential  law;  this  made  it  possible  to  study  die  character  of  the  concentration  dependence 
of  the  activation  energy  for  viscous  flow  (B).  The  curves  shown  in  Fig.  2  do  not  follow  a  square  law;  in  view  of 
this,  the  energy  of  interaction  between  acid  and  acetone  molecules  could  not  be  calculated. 

The  activation  energy  for  viseous  flow  of  solutions  increases  widi  their  critical  temperature. 

Results  of  solution- density  measurements  are  given  in  Table  2. 
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TABLE  1 


Viscosity  and  Critical  Temperature  of  Solutions  of  Fatty  Acids  in  Acetone 


Acetone  cone, 
(mole  %) 

3 

r/  •  10  (in  stokes) 

Critical 

temperature 

25“ 

50“ 

70“ 

90“  , 

Solutions  of  formic  acid  in  acetone* 

0.00 

12.62 

8.75 

6.7 

5.37 

11.54 

11.26 

7.75 

6.07 

4.95 

28.14 

8.82 

6.43 

5.20 

4.32 

44.84 

7.40 

5.58 

4.61 

3.91 

55.38 

6.24 

4.84 

4.07 

3.48 

72.24 

.5.11 

4.09 

3.50 

3.06 

100.0 

3.90 

3.23 

2.83 

2.51 

Solutions  of  acetic  acid  in  acetone 

0.00 

10.41 

7.67 

6.13  1 

5.16 

1  321.0° 

10.28 

9.78 

7.15 

5.83 

4.49 

!  311.5 

17.23 

9.44 

6.97 

.5.66 

4.73 

308.0 

29.47 

8.26 

6.30 

5.16 

4.35 

296.8 

45.85 

6.95 

5.35 

4.44 

3.82 

288.5 

66.03 

5.83 

4.59 

3.90 

3  39 

274.0 

81.44 

4.77 

3.86 

3.33 

2.94 

257.5 

100.0 

3.90 

3.23 

2.83 

2.51 

235.5 

Solutions  of  propionic  acid  in  acetone 

0.00 

10.61 

7.85 

6.38 

327.8 

9.96 

10.09 

7.5(i 

6.21 

5.22 

318.5 

22.70 

9.27 

7.00 

5.77 

4.88 

312.0 

39.44 

8.06 

6.15 

.5.12 

4.38 

300.5 

57.56 

6.68 

5.22 

4.42 

3.83 

288.5 

76.71 

5.32 

4.28 

3.67 

3.22 

269.5 

100.0 

3.90 

3.23 

2.83 

2.51 

235.5 

Solutions  of  butyric  acid  in  acetone 

0.00  1 

16.18  1 

11.15  1 

8.87  1 

7.18  1 

339.0 

14.54  1 

13.88 

9.88 

7.87  ! 

6.47  ' 

333.0 

.30.55 

11.62 

8.46  I 

6.89 

5.73 

326.0 

39.23 

10.49 

7.70 

6.27 

5.23 

316.0 

48.90 

9.29 

6.97 

5.76 

4.86 

311.0 

50.03 

8.25 

6.27 

5.22 

4.44 

302.5 

70.48 

6.65 

5.17 

4.40 

3.77 

285.0 

72.68 

5.73 

4.57 

3.90 

.3.41 

272.6 

89.51 

4.69 

3.80 

3.29 

2.92 

257.6 

Solutions  of  caproic  acid  in  acetone 

0.00 

30.92 

19.22 

14.38 

11.15 

369.8 

24.81 

20.62 

13.87 

10.68 

8.59 

361.0 

39..50 

16.17 

1 1 .25 

8.86 

7.22 

_ 

44.83 

14.47 

10.22 

8.17 

6.70 

352.0 

60.37 

10..50 

7.77 

6.36 

.5.32 

325.8 

72.24 

8.35 

6.33 

5.28 

4.49 

306.8 

80.95 

6.48 

5.09 

4.32 

.3.73 

294.0 

*  The  critical  temperatures  of  solutions  of  formic  acid  in  acetone  were  not  measured,  since 
formic  acid  decomposes. 


1104 


TABLE  2 

Density  of  Solutions  of  Fatty  Acids  in  Acetone 

Acetone 

<1,^ 

cone. 

(mole  7") 

30' 

&(»=>  ^ 

70^ 

90® 

Solutions  of  formic  acid  in  acetone 

O.fKI 

1.20.5 

1.180 

1.154 

1.129 

13.14 

1.110 

1.092 

1.009 

1.047 

32.4(> 

1.027 

1.000 

0.977 

0.953 

4r).()0 

0.907 

0.945 

0.920 

0.897 

lil  .03 

0.911 

0.8S7 

0.803 

0.839 

77.30 

0.8.53 

0..S30 

0.807 

0.783 

100.0 

0.779 

0.750 

0.731 

— 

Solutions  of  acetic  acid  in  acetone 

0.00 

1.039 

1.017 

0.995 

0.972 

0.08 

1.011 

0.989 

0.900 

0.944 

lfi.57 

0.993 

0.970 

0.953 

0.930 

28.78 

0.950 

0.935 

0.912 

0.888 

45.10 

0.915 

0.891 

0.808 

0.845 

()2.40 

0.871 

0.848 

0.825 

0.802 

80.0S 

0.825 

0.803 

0.779 

0.754 

Solutions  of  propionic  acid  in  acetone 

0.00 

0.985 

0.904 

0.943 

0.922 

12.19 

0.9:9 

0.938 

0.917 

0.895 

30.20 

0.904 

0.882 

0.800 

0.838 

4.3.18 

0.880 

0.858 

0.830 

0.815 

01.70 

0.840 

0823 

0.802 

0.777 

72.12 

0.8.35 

0.813 

0.790 

0.706 

.S'..03 

0.814 

0.791 

0.707 

0.743  . 

Solutions  of  butyric  acid  in  acetone 

0.00 

0.949 

0.9.30 

0.910 

0.889 

10.10 

0.932 

0.911 

0.892 

0.871 

22.48 

0.910 

0.890 

0.871 

0.849 

29.8.5 

0.S99 

0.878 

0.858 

0.8.37 

38.08 

0.884 

0.803 

0.842 

0.822 

45  05 

0.872 

0.851 

0.829 

0.809 

01.15 

0.840 

0.825 

0.803 

0.781 

Solutions  of  caproic  acid  in  acetone 

0.00  1 

0.921 

0.903 

0.885 

0.867 

14.10  1 

0.912 

0.894 

0.870 

0.858 

28.89 

0.8!12 

0.870 

0.854 

0.835 

33.70 

0.885 

0.807 

0.848 

0.829 

48.00 

0.859 

0.840 

0.819 

0.801 

50.53 

0.844 

0.824 

0.805 

0.783 

07.99 

0.825 

0.805 

0.783 

0.761 

We  calculated  the  apparent  molar  volumes  of  acetone  (v’)  dissolved  in  acids  at  30  and  70*  (Fig,  3).  In 

acids  considerable  contraction  of  acetone  is  observed,  which  increases  witli  the  order  of  the  acid  and  its  con- 

centration,  and  also  on  increase  of  temperature. 

It  is  of  great  interest  to  know  tlie  latent  heat  of  vaporization  of  the  solutions,  since  this  quantity  characterizes 

the  intermolecular  interaction.  The  latent  heat  of  vaporization  was  studied  at  40*  (Table  3,  Fig.  4). 

Isotlierms  of  this  property  are  ratlier  complex  in  form.  In  considering  them  the  relatively  complex  structure 

of  fatty  acids  must  be  taken  into  account. 
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Fig.  1,  Viscosity  isotherms  of  solutions 
of  propionic  (l),  acetic  (2),  formic 
(3),  butyric  (4),  and  caprolc  (5)  acids 
In  acetone. 


B/R 


Fig.  2.  Concentration  dependence  of 
the  activation  energy  for  viscous  flow 
of  solutions  of  propionic  (l),  acetic 
(2),  butyric  (3),  formic  (4),  and  cap- 
roic  (5)  acids  in  acetone. 


Fig.  3.  Concentration  dependence  of  the  apparent 
molar  volume  of  acetone  dissolved  in  caprolc  (l), 
acetic  (2),  butyric  (3),  formic  (4),  and  propionic 
(5)  acids. 


Fig.  4.  Isotherms  of  tlte  latent 
heat  of  vaporization  of  solutions 
of  formic  (l),  acetic  (2),  pro¬ 
pionic  (3),  butyric  (4),  and 
caprolc  (5)  acids  in  acetone. 


As  Indicated  above,  the  dimers  of  the  acids  are  very  stable  and  do  not  dissociate  even  on  vaporization. 

The  bond  energy  of  tlte  dimer  molecules  is  about  14  Real/ mole.  However,  as  investigations  by  certain  authors 
[4]  showed,  the  bond  energy  of  the  dimeric  ring  is  sharply  decreased  in  solution  —  the  greater,  the  higher  is  the 
dielectric  constant  of  the  solvent.  For  instance,  in  solutions  in  chlorobenzene,  whose  dielectric  constant  is  6, 
the  enthalpy  change  AH2®  of  the  acid  dimer,  which  characterizes  tlte  interaction  energy,  is  equal  to  5  Real/ mole, 
l.e.,  of  the  order  of  energy  of  hydrogen  bonds  in  alcohols.  When  acetic  acid  is  dissolved  in  water,  the  dimeric 
rings  are  broRen;  in  a  10%  solution  the  dimer  is  practically  fully  dissociated  as  a  result  of  the  formation  of  chain 
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complexes  based  on  the  hydrogen  bond  between  water  and  acetic  acid  molecules  [10].  It  is  possible  that  in  very 
dilute  solutions  of  acids  in  acetone,  whose  dielectric  constant  is  21,  tlie  bonds  of  a  certain  part  of  the  dimeric 
rings  are  completely  cleaved,  and  monomeric  forms  appear  along  with  the  dimeric  ones  in  the  solutions. 


TABLE  3 


Latent  Heat  of  Vaporization  (L)  of  Solutions  of  Fatty  Acids  in  Acetone 


Formic  acid- 

1  Acetic  acid- 

Propionic  acid- 

Butyric  acid— 

Caproic  acid— 

acetone 

acetone 

acetone 

acetone 

acetone 

mole  1 

L 

mole 

L 

mole 

L 

mole  j 

L 

mole 

L 

<7o 

(kcal/M] 

1 

(kcal/M)  i 

(kcalA4) 

%  ! 

(kcal/M] 

% 

(kcal/M) 

0.00 

i 

4.G 

\  \ 

0.00 

1  1 
1 

5.5 

1 

0.00 1 

10.5* 

0.00 

1  1 

11.8* 

i 

0.00 

18.5* 

21.73 

5.3 

10.41 

6.3 

12.65 

9.6 

14.6 

10.6 

12.31 

16.0 

44.21 

5.4 

25.81 

5.9 

27.7 

8.3 

33.9 

9.3  1 

40.38 

9.9 

71.0 

4.5 

50.5 

4.6 

56.25 

5.8 

59.79 

6.5  1 

67.17 

7.4 

— 

— 

75.08 

4.4 

79.32 

5.1 

78.71 

5.5 

85.61 

4.9 

100 

5.7 

1  ~ 

1 

i  " 

— 

•  Data  obtained  by  extrapolation. 

The  existence  of  monomeric  and  dimeric  forms  in  the  solutions  is  also  reflected  in  the  character  of  the 
isotherms  of  tlie  latent  heat  of  vaporization.  For  solutions  of  acetic  and  formic  acids  in  acetone  they  are  con¬ 
cave  with  respect  to  the  composition  axis  at  high  acid  concentrations.  When  the  acetone  content  is  high,  a 
pronounced  minimum  is  observed.  These  considerations  are  confirmed  also  by  investigations  of  the  molar 
polarization  [4]  and  infrared  absorption  spectra  of  solutions  of  acids  in  different  solvents  [11]  and  by  N.  A, 
Izmailov's  data  on  Raman  scattering  in  this  system  [12].  On  passing  to  higher  membeis  of  the  fatty-acid  series 
tlie  latent-heat  isotherms  are  somewhat  smoothed  out.  Apparently  the  shape  of  the  isotherms  is  substantially 
affected  by  the  great  difference  in  the  heats  of  vaporization  of  the  solution  components. 


SUMMARY 

1.  The  viscosity,  density,  critical  temperature,  and  latent  heat  of  vaporization  of  solutions  of  formic, 
acetic,  propionic,  butyric,  and  caproic  acids  in  acetone  were  studied. 

2.  On  the  basis  of  density  measurements  of  solutions  and  study  of  the  temperature  and  concentration 
dependence  of  the  apparent  molar  volume  of  acetone  in  acids,  it  was  established  that  acetone  contracts  to  a 
degree  increasing  with  the  acid  concentration  and  temperature. 

3.  The  shape  of  the  isotherms  of  latent  heat  of  vaporization  indicates  a  complex  picture  of  solution 
structure,  which  is  due  to  the  dissociation  of  dimeric  forms  of  the  acids  to  monomeric  in  a  solvent  with  a  high 
dielectric  constant. 
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ACIDITY  CONSTANTS  OF  DI  AS  T  E  RE  O  IS  O  ME  RI C  T  ET  R  AH  Y  DROXY  A  DIPIC 
ACIDS  AND  THEIR  MONOLACTONES 

L.  A.  Mai 

Chemistry  Institute,  Academy  of  Sciences  of  the  LatvSSR 

Translated  from  Zhurnal  Obshchel  Khlmii,  Vol.  30,  No.  4,  pp.  1091-1096,  April,  1960 

Original  article  submitted  February  9,  1959 

The  relation  between  the  acidity  of  diastereoisomeric  tetrahydroxyadlpic  acids  (THAA)  and  their  cyclic 
derivatives  —  anhydroaclds  and  monolactones  -  and  the  steric  configuration  of  the  polyhydroxymethylene  chain 
is  of  interest  in  the  study  of  certain  characteristic  structural  peculiarities  determining  the  tendency  toward  lactone 
formation,  the  rate  of  establishment  of  acid- lactone  equilibrium,  the  ability  to  form  A  “-butenolides,  etc.  The 
acidity  of  THAA  and  their  2,5-anhydro  derivatives  was  systematically  investigated  at  one  time  by  Levene  and 
Simms  [IJ.  Values  of  die  dissociation  indices  (pKj)  measured  by  them  for  l>glucosaccharic,  mucic,  and  DL- 
talomuclc  acids*  are  very  close  to  each  other,  bt.ing  equal  to  3.34  ±  0.06  (the  somewhat  lower  value  of  pK^ 
for  D- mannosaccharlc  acid,  according  to  tlie  autliors*  data,  is  unreliable).  The  acidity  of  2,5-anliydro-THAA 
proved  to  be  much  higher  than  that  of  die  THAA  diemselves:  the  pKj  of  2,5-anhydroacids  widi  the  2,5- OH 
groups  in  the  els- position  (gluco,  gala)  is  about  2.1,  whereas  the  pKj  of  2,5-atihydroacids  with  these  CW  groups 
in  the  trans-position  (manno,  ido)  is  about  3.0;  die  difference  in  the  dissociation  of  die  two  groups  of  anhydro¬ 
aclds  may  be  explained  by  the  difference  in  die  distances  between  COOH  groups  in  els-  and  trans- Isomers,  due 
to  the  steric  forms  of  die  molecules  [Ij. 

As  we  showed  earlier,  closing  of  the  lactone  ring  of  a  polyhydroxy- o^-dicarboxylic  acid  with  participation 
of  one  COOH  group  is  accompanied  by  a  considerable  increase  of  acidity;  on  formation  of  the  monoester  the 
dLssoclation  constant  decreases  50-60*70  [4j.  In  die  present  work  we  give  our  values  of  the  acidity  indices  for 
certain  THAA  and  diclr  monolactones,  which  confirm  die  regularity  mentioned  above,  (table). 


Dissociation  Indices  for  Certain  Tetrahydroxyadlpic  Acids  and  Their 
Monolactones 


Substance 

Formula 

(No.) 

pKl 

pKj 

pKj-pKi 

D-Talomucic  acid 

(I) 

3.45 

4.25 

0.80 

DL-Talomucic  acid 

3.47 

4.29 

0.82 

D- Idosaccharic  acid 
D-Talomuclc 

(11) 

3.26 

4.13 

0.87 

3,6- monolactone 
D-Talomucic 

(III) 

2.84 

1,4- monolactone 

(IV) 

2.81 

- 

- 

*  In  conformity  widi  the  views  of  diat  time  [2]  Levene  and  Simms  incorrectly  considered  DL-talomucic  acid 
to  be  allomucic  acid.  In  1935,  it  was  shown  [3J  diat  "allomucic  acid,"  prepared  by  epimerizatlon  of  mucic 
acid,  actually  is  DL-talomucic  acid. 
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coon  COOH 


coon  coon 

(I)  (II) 

Thus  the  order  of  decreasing  acidity  in  the  THAA  group  is  the  following:  manno  >  gluco  >  gala,  ido  > 

>  talo. 

Altliough  the  differences  among  the  dissociation  indices  of  dlastereoisomerlc  THAA  are  very  slight,  tliey 
are  appreciable,  and  on  the  basis  of  tlieir  order,  a  hypothesis  on  the  reasons  for  the  unequal  acidities  of  tlie 
dlastereolsomers  may  be  advanced. 

The  joint  effect  of  the  two  COOH  end  groups,  wlilch  determines  die  acidity  of  n-dlcarboxyllc  acids,  both 
in  THAA  and  adipic  acid,  is  essentially  the  effect  of  die  electrostatic  field  produced  by  one  COOH  group  and  the 
ionizable  hydrogen  atom  of  the  other  CCX)H  group. 

The  factors  determining  the  intensity  of  this  joint  effect  may  be:  1)  the  distance  between  the  COOH 
groups  and  2)  die  dielectric  constant  of  die  intramolecular  space  between  the  COOH  groups. 

The  distance  between  the  C(X)H  groups,  r  (in  A),  may  be  calculated  by  means  of  the  Bjerrum  equation 
B  e^ 

[5],  pKj  —  pKj  =  -  +0.6,  where  B  =  - — - —  =  243.3  (at  25*);  e  is  the  electronic  charge,  k  is 

Dr  2«303kT  * 

Boltzmann's  constant,  T  is  the  absolute  temperature,  D  is  the  dielectric  constant,  and  0.6  is  the  logarithm  of  the 
statistical  factor  (equal  to  4  in  the  case  of  dissociation  of  a  dicarboxylic  acid).  If,  according  to  Bjerrum's  con¬ 
ception,  D  is  considered  equal  to  die  dielectric  constant  of  the  solvent  —  water  —  b/D=  3.1.  Values  of£  for 
THAA,  calculated  widi  this  condition,  vary  from  6  to  15.5  A,  and  the  average  value  of£  is  10.9  A,  which  agrees 
with  die  data  of  Levene  and  Simms:  8-16  A,  average  11.5  A  [Ij.  Until  now  die  structure  of  THAA  molecules 
has  not  been  studied  eidier  in  the  crystalline  state  or  in  solution.  Invertigation  of  the  crystal  structure  of  potassium 
and  rubidium  D- gluconates,  which  are  very  similar  to  THAA,  shows  that  the  polyhydroxymethylene  chain  of 
gluconic  acid  has  exactly  the  same  type  of  structure  as  the  plane,  zigzag  carbon  chains  of  aliphatic  n-carboxyllc 
acids,  tetrahedral  bond  angles  being  maintained  [6J.  In  the  adipic  acid  molecule  the  distance  corresponding  to£ 
is  —  with  a  rigid  chain  structure  in  the  crystal  lattice  —  about  6.6  A;  this  same  distance,  calculated  by  the 
Bjerrum  equation,  is  7.8  A.  *  Hence,  it  is  unlikely  that  values  of  £  for  THAA,  calculated  by  the  Bjerrum 
equation  (about  11  A),  represent  any  real  distances  in  the  molecule.** 

Taking  into  account  the  ease  of  cyclizatlon  (lactonization)  of  polyhydroxycarboxyllc  acids,  it  is  possible 
that  the  polyhydroxymethylene  chain  in  these  compounds  is  folded  at  least  partially  in  the  form  of  a  meander  and 
that  it  contains,  as  it  were,  preformed  constellations  of  lactone  rings  whose  closing  requires  only  die  splitting- out 
of  a  water  molecule.  Thus,  for  instance,  the  structure  of  D-mannosaccharic  acid  may  be  represented  by  (V),  that 
of  D-glucosaccharic  acid  by  (Via,  b),  mucic  acid  by  (Vila,  b),  D-ldosaccharic  acid  by  (Villa,  b),  and  D-talomucic 
acid  by  (IXa,  b);  all  chain  constellations  shown  below  correspond  to  actually  existing  y- lactones. 


COOH  ,-CO 


CO  COOH 

(III)  (IV) 


*  The  inaccuracy 
ence  pK2  -  pK^  = 


Ar  of  the  value  of  £,  calculated  by  the  Bjerrum  equation,  for  an  error  A  6 


6  is 


A  r  = 


3.1  A  6 

(6  -  0.6)^  ’ 


which  amounts  to  ±  1  A  when  6=1  and 


A  6  = 


in  the  differ- 
0.05. 


**  Owing  to  the  free  rotation  of  the  links  in  the  carbon  chain  in  solution,  and  also  the  tendency  of  long  (over 
five  atoms)  chains  to  form  ball-shaped  constellations,  die  actual  distance  between  die  two  COOH  groups  must 
be  even  slightly  less  dian  the  value  of  £  ,  calculated  from  a  rigid  model  of  the  chain. 
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If  such  a  chain  constellation  occurs,  the  distance  between  CCXDH  groups  in  polyhydroxy- n- carboxylic  acids 
must  be  much  less  than  the  corresponding  distance  in  n-carboxylic  acids;  it  can  be  shown  that  with  unchanged 
C  — C  interatomic  distances  r^  and  bond  angles  0  tlie  length  of  a  carbon  "zigzag"  of  n  carbon  atoms 


Lg  =  {n  —  1)  /"oSin 


2 


is  always  greater  than  the  length  of  the  corresponding  "meander," 


e.g.,  whenn=6  (THAA),  =  6.29  A  and  =  4.62  A  (atro  =  1.54A  and  =  109*30*)  (figure). 

In  view  of  what  has  been  set  forth  above,  the  hypotliesis  that  the  differences  in  acidity  of  THAA  are  due 
to  differences  in  the  true  (Intramolecular)  dielectric  constant  in  the  case  of  molecules  of  nearly  identical 
geometry  (quantities  tj,  0^,  etc.)  seems  more  probable  to  us.  This  concept  of  the  dielectric  constant  corresponds 

to  tlie  "effective"  dielectric  constant  in  tlic  Kirkwood- Westheimer 
model  [7,  8J. 

If  we  assume,  in  analogy  witli  crystallographically  studied  com¬ 
pounds  containing  a  tetrahydrofuran  ring  (L- ascorbic  acid,  saccharose, 
cytidinc),  that  all  four  or  at  least  tliree  carbon  atoms,  the  furan  oxygen 
atom,  the  lactone  oxygen  atom,  and  the  CXI  group  are  coplanar  or 
nearly  so  L9j,  Formulas  (V-IX)  sltow  appreciable  differences  in  the 
content  of  OH  groups  in  the  intermolecular  space  between  the  COOH 
groups  (in  V  there  are  no  OH  groups  between  the  COOH  groups,  whereas 
in  IX  tliere  are  three).  The  different  content  of  OH  groups  in  the  intra¬ 
molecular  space,  in  our  opinion,  is  the  cause  of  the  difference  in  the 
effective  dielectric  constant  (wliich  Increases  with  the  number  of  OH 
groups)  and  therefore  in  the  strength  of  the  electrostatic  field.  This 
explanation  agrees  well  with  the  order  of  acidity  indices  and  values 
of  pK2  -  pKj  for  THAA.  Similarly  the  higher  acidity  of  5-nitro-m-2-xylenol  in  comparison  with  p- nitrophenol 
was  explained  by  the  lowering  of  the  effective  dielectric  constant  of  die  intramolecular  medium  by  CH3  groups 
[8].  A  similar  effect  possibly  causes  the  considerable  difference  in  acidity  between  cis-  and  tra  ns -carbonic 
(1,1- dimcthylcyclopropane-2,3-dicarboxylic)  acids  (cis-:  pKj  =  2.34;  trans-  DL:  pKj  =  3.82). 

The  difference  between  the  acidity  indices  of  D-talomucic  and  DL-talomucic  acids  does  not  exceed  the 
error  of  measurement;  this  agrees  with  the  known  fact  tJiat  the  acid  functions  of  die  racemate  differ  very  slightly 
or  not  at  all  from  the  acid  functions  of  the  corresponding  enantiostereoisomers.  Arabotriliydroxyglutaric  acids 
remain  an  unexplained  exception  to  this  rule  (pK^  for  the  L-form,  2.88;  pKj  for  the  DL-form,  3.16)  [lOj. 
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The  higher  acidity  of  polyhydroxy-  w-dicarboxyllc  monolactones  in  comparison  with  the  free  acids  is 
apparently  due  to  the  •short-circuiting"  of  both  the  free  and  the  lactonized  COOH  groups  through  the  ester 
oxygen  atom.  A  similar  effect  is  observed  in  the  case  of  glycolic  and  0-acetylglycolic  acids. 

HOClIarOOIl  pAT  =  3.82  (111 
yCUs 

OC  ClljCOnH  pA’ =2.91  (12) 

it  is  generally  known  that  the  acetylation  of  malic  acid  Increases  its  dissociation  constant  fivefold  [13j. 

We  encounter  similar  phenomena  in  the  case  of  2,5-anliydro-THAA  (the  pKj  of  Isosaccharic  acid  is  2.08  [Ij), 
thlocarbamylglycolic  acid  H2NCS  —  O—  CH2COOH  (pK  =  2.95),  diglycolic  acid,  N-acylglycines,  etc. 

It  may  be  assumed  tliat  the  Oacyl  and  lactone  groupings  affect  the  dissociation  of  the  COOH  group  as  a 
result  of  displacement  of  electron  density  toward  the  CO  group  (X).  This  effect  must  be  even  more  pronounced 
in  a-hydroxyglutarolactone  (XI),  in  the  molecule  of  which  the  distance  between  the  dipole  and  the  COOH  group 
is  less  dian  in  tetrahydroxyadipic  monolactoncs. 

The  occurrence  of  tltis  electron  sliift  in  lactones  and  cyclic  anliydrldes  is  confirmed,  in  particular,  by  the 
considerable  dipole  moments  [141 


EXPERIMENTAL 

D-Talomuclc  acid  (I)  and  its  monolactones  (HI,  IV)  were  prepared  from  D-talonic  acid  by  a  route  described 
in  [15].  D-Talonic  acid  was  prepared  through  the  epimerization  of  D-galactonlc  acid  by  aqueous  pyridine  [16J; 
the  latter  acid  was  prepared  by  oxidizing  D- galactose  with  bromine  in  the  presence  of  calcium  carbonate  [17]. 

(I):  m.  p.  153-156*  (water),  [a]^®D  +  30.70*  (c  2.00,  water);  (III)  (monohydrate):  m.  p.  63-68* 

(not  sharp)  (ethyl  acetate)  [a]^®D  +  33.80*  (c  2.22,  water);  (IV):  m.  p.  185-186*  (decomp.)  (precipitated 
from  a  highly  concentrated  aqueous  solution  witli  acetone),  [aj*®D  +49.90*  (c  2.22,  water). 

DL-Talomucic  acid  was  prepared  by  refluxing  mucic  acid  with  10%  aqueous  pyridine  in  a  round-bottom 
flask  in  an  oil  batli  (130-135*)  for  48  hours;  the  product  was  isolated  according  to  Butler  and  Cretchcr  [18]. 

After  two  recrystallizations  from  water,  activated  charcoal  being  added,  m.  p.  172-174*  (with  gas  evolution). 

D-Idosaccharic  acid  (II)  was  synthesized  from  D-idonlc  acid  [19]  through  its  dibenzal  derivative  [20].  The 
latter  was  isolated  directly  from  the  D-gulonolactone  mother  liquor.  2,4,3,5- Dibenzylldene-D-idonic  acid, 
m.  p.  225-230*  (after  reprecipitation  from  solution  in  KOH  and  recrystallization  from  methanol),  was  con¬ 
verted  by  oxidation  with  alkaline  permanganate  solution  by  a  generally  known  metlrod  [21]  to  2,4,3,5-dlbenzylidene- 
D-idosaccharic  acid;on  hydrolysis  with  2%  sulfuric  acid,  the  latter  gave  (II),  which  was  purified  by  a  known 
method  [21];  m.p.  148-150*  (acetone). 

Values  of  pK  were  determined  by  an  approximate  electrometric  metliod  [4].  Ionic  strength  of  solutions 
0.01-0.03,  temperature  23  ±  2*.  Maximum  error  ±  0.05  pK  unit. 

SUMMARY 

1.  The  dissociation  constants  of  D-talomuclc,  DL-talomucic,  and  D- Idosaccharic  acids,  as  well  as 
D-talomucic  monolactones,  were  determined  by  an  approximate  electrometric  method. 

2.  Differences  in  the  acidity  of  diastcreoisomeric  tetrahydroxyadipic  acids  may  be  explained  by  differences 
in  tlie  dielectric  constant  of  the  intramolecular  space  between  the  COOH  groups. 


1112 


LITERATURE  CITED 

1.  P.  A.  Levene  and  H.  S.  Simms,  J.  Biol.  Chem.  351  (1925). 

2.  E.  Fischer,  Bcr.  2136,  2683  (1891). 

3.  T.  Poslcrnak,  Helv.  Chim.  Acta  J_8,  1283  (1935). 

4.  L.  A.  Mai,  Zhur.  Obshch.  Khim.  2^,  3206  (1956).* 

5.  N.  Bjerrum,  Z.  Phys.  Chem.  106,  219  (1923). 

6.  C.  D.  Littleton,  Acta  Cryst.  6,  775  (1953). 

7.  j.  G.  Kirkwood  and  F.  II.  Westlicimcr,  J.  Clicm.  Phys.  6  ,  506  (1938). 

8.  F.  H.  Westhclmer  and  M.  W.  Shookhoff,  J.  Am.  Chem.  Soc.  555  (1939). 

9.  A.  1.  Kitaigorodskii,  Organic  Crystal  Chemistry  [In  Russian]  (Izd.  AN  SSSR,  1955). 

10.  O.  Ruff  and  W.  RoUi,  Bcr.  559  (1899). 

11.  W.  Ostwald,  Z.  Phys.  Chem.  3,  183  (1889). 

12.  B.  Holmberg,  Z.  Phys.  Chem.  455  (1913). 

13.  B.  Holmberg,  Bcr.  3003  (1912). 

14.  L.  -  B.  T.,  (1951),  6th  edition,  Vol.  I,  Pt.  Ill,  pp.  419,  422,  428. 

15.  M.  Steiger  and  T.  Reichstein,  Helv.  Chim.  Acta  J19,  195  (1936). 

16.  W.  Bosshard,  Helv.  Qiim.  Acta  482  (1935). 

17.  G.  H.  A.  Clowes  and  B.  Tollens,  Lieb.  Ann.  166  (1900). 

18.  C.  L.  Butler  and  L.  H.  Cretcher,  J.  Chem.  Soc.  (1929),  p.  2168. 

19.  E.  Fischer  and  I.  W.  Fay,  Ber.  1975  (1895). 

20.  W.  A.  van  Ekcnstcin  and  J.  J.  Blanksma,  Rec.  Trav.  Chim.  1  (1908);  Zbl.,  (1908),  I,  p.  719. 

21.  E.  Seebeck,  E.  Sorkin,  and  T.  Reichstein,  Helv.  Cliim.  Acta  934  (1945). 


•  Original  Russian  pagination.  See  C.  B.  translation. 


1113 
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A  characteristic  peculiarity  of  D-  and  L-  mannosaccharic  acids  .  their  ability  to  form  dilactones,  is  not 
possessed  by  any  otlier  diastereoisomeric  tetrahydroxyadipic  acid*  (D-glucosaccharo-y  ,6-dilactone  is  formed 
only  under  relatively  severe  conditions  [3J).  This  property  of  mannosaccharic  acids,  together  with  the  ease  of 
the  unique  conversion  of  their  dilactones  in  an  alkaline  medium,  due  to  the  formation  of  a  strongly  reducing 
A  °^-butenolide,  at  one  time  even  led  E.  Fischer  to  doubt  die  correctness  of  the  established  stmctural  formula 
14J. 

By  studying  the  mutarotation  of  D-glucosaccharic  and  D-talomucic  acids  and  their  monolactones,  we  found 
very  appreciable  differences  in  the  rate  constants  of  formation  and  hydrolysis  of  the  tnonolactones  of  these  dia¬ 
stereoisomeric  acids  [5j.  it  was  of  interest  to  us  to  find  out  whether  any  distinctive  peculiarity  exists  in  the 
kinetics  of  lactonization  of  D- mannosaccharic  acid  (I)  and  formation  of  its  dilactone  (11). 


/O.  /O 
\ _ /  \/y 

"(11) 

The  change  in  the  specific  rotation  of  (l)  and  (II)  with  time  —  up  to  27  days  -  was  studied  by  Rehorst 
[6J,  whose  data  are  in  good  accord  with  our  polarimetric  data. 

The  rate  constant  of  hydrolysis  of  the  dilactone,  Kj,  and  the  rate  constant  of  lactonization  of  the  acid,  K2 
[hr’^J,  were  calculated  from  polarimetric  data  by  means  of  equations  given  earlier  [5j. 

Lactonization  and  hydrolysis  curves  are  shown  in  the  figure. 

On  comparison  of  the  rate  constants  of  formation  and  hydrolysis  of  the  D-mannosaccharodilactonc  with  the 
corresponding  constants  for  D-glucosaccharic  and  D-talomucic  monolactoncs  [5J  it  is  evident  that  they  all  have 
the  same  order  of  magnitude;  Kj  =  1.9—  6.5‘10  and  K2  =  1.4-  7.0  *10’^  (hr"^).  The  kinetics  of  formation 

*  E.  Fischer  observed  specific  rotations  of  the  order  of  +  and  —  100"  for  sirupy  preparations  of  D-  and  L- 
idosaccharic  acids  [Ij,  whereas  [aJ^D  for  pure  (crystalline)  D-idosaccharic  acid  is  equal  to  +  15.6  ±  3*  [2j. 
Such  large  shifts  of  specific  rotation  can  only  be  due  to  dilactone  formation. 
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and  hydrolysis  of  D- mannosaccharodilactoiie  thus  does  not  differ  substantially,  either  qualitatively  or  quantitatively, 
from  die  kinetics  of  formation  and  hydrolysis  of  monolactones  of  other  terrahydroxyadipic  acids. 

Principal  Data  on  die  Kinetics  of  Formation  and  Hydrolysis  of  D-Mannosaccharo-1,4,3,6- 
Dilactone 

(oq  is  the  initial  specific  rotation,  a  is  the  specific  rotation  of  the  equilibrium  mixture, 

Kj  and  Kj  [hr'^J) 


Initial  substance  j 

1 

i 

a  1 

,  ! 

K.  +  if, 

K, 

1 

K, 

K, 

D-Mannosaccharic  acid  (I)  | 

3.60 

56.60 

0.00328 

— 

D-Maimosaccharo-l, 4 ,3,6- 
dilactone  (11) 

2n3,‘’0 

1  60.60 

0.00714 

1 

1 

0.0051 1 

0.00203 

2.51 4 

Tlie  time  of  establishment  of  acid— lactone  equilibrium  for  D-glucosaccharic  acid  is  about  20  days,  for 
D-talomucic  acid  about  60  days,  and  for  D-mannosaccharic  acid  about  55  days,  it  must  be  noted  tiiat  values  of 
specific  rotation  and,  dierefore,  compositions  of  equilibrium  mixtures  reached  from  the  acid  side  and  from  the 
dilactonc  side  differ  appreciably  from  one  another  (60.60*  and  56.60“);  this  phenomenon  is  much  less  pronounced 
in  die  case  of  D-glucosaccharic  and  D-talomucic  acids.  This  may  be  due  to  some  inaccuracy  of  calculation  [5], 
involving  neglect  of  die  concentration  dependence  of  specific  rotation,  or  a  more  complex  reaction  mechanism. 

It  would  be  interesting  to  compare  the  rate  constants  of 
formation  and  hydrolysis  of  lactones  of  die  tetrahydroxyadipic  acids 
investigated  by  us  widi  die  constants  of  an  idosaccharolactone  (or 
-dilactonc).  Unfortunately,  idosaccharic  acids  have  been  little 
studied  until  now,  and  nodiing  is  known  of  dieir  lactones.  The 
average  value  of  the  sum  Kj  +  Kj  for  D- idosaccharic  acid,  cal¬ 
culated  by  us  from  polarimetric  data  for  crystalline  D- idosaccharic 
acid  [2J,  is  0.004  and  thus  is  of  die  same  order  of  magnitude  as  in 
die  case  of  all  odier  tetrahydroxyadipic  acids  (0.003-0.013). 
Pclarimetric  investigation  of  the  kinetics  of  formation  and  hydrolysis 
of  monolactones  of  die  optically  inactive  mucic  and  allomucic  acids 
is  possible  in  principle  only  in  die  case  of  enantiostereoisomerlc 
Curves  of  formation  and  hydrolysis  of  monolactones,  which  have  not  been  isolated  up  to  now.  • 

D-  mannosaccharo- 1 ,4,3,6-  dilactone. 

1)  D-Mannosaccharic  acid;  2)  the  EXPERIMENTAL 

dilactone. 

D-  Mannosaccharo- 1,4, 3, 6- dilactone  (II)  was  prepared  by 
oxidizing  D- mannitol  with  nitric  acid  at  60*  [7],  recrystallized  twice  from  edianol,  and  dried  In  vacuo  over 
sulfuric  acid;  m.  p.  186-189*,  [aJ^“D  +  203.90*  (c  1.1966,  water,  10  minutes  after  solution). 

D-Mannosaccharic  acid  (1)  was  prepared  from  die  dilactone  dirough  the  silver  salt  [6];  m.  p.  126-128* 
(decomp.)  (from  ethanol),  [aJ^°D  +  3.60*  (  c  2.5000;  water,  15  minutes  after  solution).  We  described  the 
measurement  procedure  and  calculation  earlier  [5].  The  temperature  of  measurement  and  keeping  of  the  solution 
was  20  ±  2*;  c  was  2.5000  for  (I)  and  1.1966  for  (II).  The  value  of  oq  for  (I)  was  measured  wldiin  15  minutes 
after  solution,  and  that  for  (II),  within  10  minutes  after  solution.  The  measurements  were  carried  out  during 
58-60  days.  Values  of  die  sum  Kj  +  K2  are  the  averages  of  nine  measurements;  maximum  deviations  of  individual 
values  of  this  sum  did  not  exceed  ±  0.00095  in  the  case  of  lactonization  of  (I),  or  ±  0.002  in  the  case  of  hydrolysis 
of  (II).  The  arithmetic  mean  of  the  Kj  +  K2  sums  was  used  for  calculation  of  and  K2.  . 

S  U  M  M  A  RY 

1.  The  rate  constants  of  formation  and  hydrolysis  of  D- mannosaccharo- 1,4, 3, 6- dilactone  were  determined 
polarimetrically. 
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2.  The  sum  of  tlie  rate  constants  of  lactone  hydrolysis  and  acid  lactonization  for  D-idosaccharic  acid  was 
calculated. 
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II.  SYNTHESIS  OF  DIVINYL  ON  THE  BASIS  OF  PROPYLENE  AND  FORMALDEHYDE* 

M.  I.  Farberov,  A.  M.  Kut’in,  G.  I.  Kishinskil,  and  T.  P.  Vernova 
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Original  article  submitted  April  7,  1958 


In  works  published  by  us  earlier  [1-3]  it  was  shown  that  propylene  smoothly  reacts  with  formaldehyde  in 
the  presence  of  acid  (sulfuric  acid  concentration  3-5*^o-,  temperature  105-115*;  pressure  35-45  atm).  The  main 
product  of  this  reaction,  which  is  obtained  in  80-Bb^o  yield  reckoned  on  the  formaldehyde  consumed,  is  4-methyl- 
dioxane- 1,3  (1).  Small  amounts  of  butanediol- 1,3  (II)  (3-3.5*70)  and  4-hydroxytetra)iydropyran  (III)  (7-10*70) 
and  a  trace  of  allylcarbinol  (IV)  (about  1*70)  are  obtained  at  the  same  time  (Scheme  1),  We  showed  [2,4]  that 
(Ill)  is  a  produet  of  die  successive  reaction  of  (IV)  wldi  formaldehyde,  and  gave  the  mechanism  of  this  reaction 


r, II, _CI  1=0112  -}  CII2O  -I-  II2O 

+CH.O 


CH3-CII-CH2-CH2 


CH,0 


OH 


OH 


(11) 


CH3-CH-CH2-CH, 

I  i 

0_CH2— 0 
(I) 


CHOH 

(’JI,=CH-CH2-CH20H  H2C  CHi 

I  I 

(IV)  H2C  CH2 

\/ 

o 

(III) 

Scheme  1 


In  the  literature  diere  are  certain  patent  declarations,  which  Indicate  the  possibility  of  preparing  divinyl 
on  die  basis  of  4-niethyldioxane  [5],  but  diere  is  not  one  experimental  work  devoted  to  this  question.  We  In¬ 
vestigated  in  detail  die  reaction  of  contact  cleavage  of  mcthyldioxanc  (I)  in  the  gas  phase  over  a  solid  catalyst, 
which  gives  divinyl  in  high  yields.  Moreover,  we  showed  diat  under  certain  conditions,  it  is  possible  on  this  basis 
to  synthesize  divinyl  and  allylcarbinol  (IV)  simultaneously  in  approximately  equal  proportions  by  weight  [6]. 

Study  of  the  Conditions  of  Contact  Conversion  of  Mediyldioxane.  We  tried  a  great  number  of  substances 
as  catalysts  for  the  contact  conversion  of  mediyldioxane  (1);  in  this  case  particular  attention  was  paid  to  phosphates 
of  various  metals.  After  lengthy  study  it  was  found  that  the  best  catalyst  for  diis  process  (as  well  as  isoprene  pre¬ 
paration  from  4,4-dlmethyldioxane  [7])  is  a  mixture  of  calcium  phosphates,  of  a  certain  composition  (KSD  catalyst). 
The  chosen  catalyst  is  distinguished  by  good  activity  and  selectivity,  and  perfectly  satisfactory  stability. 


*  The  work  was  done  in  the  period  1945-1950. 
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Maximum  yields  of  divinyl  are  obtained  in  the  interval  375-425*;  in  this  case  tlie  •nominal*  contact  time 
for  achieving  maximum  yields  substantially  decreases  as  the  temperature  rises  (Fig.  1).  The  yield  of  divinyl  in¬ 
creases  with  increase  of  the  contact  time,  up  to  a  certain  limit,  after  which  the  yield  begins  to  decrease,  obviously 
owing  to  secondary  reactions.  Besides  divinyl,  the  contact  gas  contains  some  propylene,  obviously  obtained  tlirough 
the  cracking  of  (I).  Under  optimum  conditions,  the  propylene  content  is  6-7.5*70  of  the  divinyl.  The  ratio  of 
propylene  to  divinyl  varies  little  with  the  degree  of  conversion  (Fig.  l).  At  very  high  degrees  of  conversion  only, 
this  ratio  increases,  apparently  owing  to  secondary  reactions  of  cracking  of  tlic  divinyl.  Tliis  fact  indicates  tliat 
propylene  is  formed  independently  of  die  main  reaction  of  divinyl  formation  and  parallel  to  it.  Allylcarbinol  (IV) 
is  always  found  in  die  reaction  products.  The  yield  curves  (Figs.  2  and  3)  pass  through  a  maximum  ("kinetic 
hump")  wliich  is  characteristic  of  consecutive  reactions,  since  allylcarbinol  apparently  is  subsequently  dehydrated 
to  dlvinyl  (see  the  reaction  mechanism). 


Nominal  contact  time  (sec)  Nominal  contact  time  (sec) 


Fig.  1.  Yield  of  divinyl  on  KSD  catalyst  at 
various  temperatures  and  contact  times. 

1)  275*;  2)  325*;  3)  375*;  4)  425*. 


Fig,  2.  Contact  conversion  of  4-mediyl- 
dioxane  on  KSD  catalyst  at  375*  and  1 :20 
(molar)  dilution  by  water  vapor,  l)  Allyl¬ 
carbinol;  2)  charcoal;  3)  divinyl;  4) 
unsaturated  hydrocarbons  (C4HQ  +  Csilg). 


When  the  contact  process  is  carried  out  under 
milder  conditions  (at  lower  temperatures  and  shorter 

contact  time)  so  diat  a  relatively  slight  degree  of  conversion  of  methyldioxane  (I)  (50-60*70)  is  obtained,  the 
amount  of  allylcarbinol  (IV)  may  be  considerably  increased.  Thus,  at  350*  and  0.4  sec  contact  time  the  degree 
of  conversion  of  (I)  per  pass  is  60*7o,  and  the  molar  yields  of  divinyl  and  (IV),  reckoned  on  passed  and  decomposed 
(I),  are  about  equal  (Fig.  3).  Increase  of  the  contact  time  under  iliese  conditions  also  leads  to  a  sharp  decrease 
in  the  yield  of  (IV), 


TABLE  1 

Effect  of  Dilution  of  Water  Vapor  on  the  Contact  Cleavage  of  4- Methyldioxane- 1,3  on  KSD 


Temp, 

Space  velocity 
(ml/mlofcat./hr  ) 

Nominal 

contact 

time 

(sec) 

Dilution  of 
methyldio¬ 
xane  oy 
water  vapor 
(in  moles) 

Methyldio¬ 
xane  conver¬ 
sion  to  unsat, 
lydrocarbotis 
Idivinyl 
+  propylene) 
[mole  *7p) 

Divinyl 
cont.  in  un¬ 
sat.  part 
of  contact 
gas  (vol.  *7o) 

Yield  of  di¬ 
vinyl,  reckon 
ed  on  methyl 
dioxane  passe( 
[mole  *7(1) 

methyl¬ 

dioxane 

water 

377° 

0.24 

0.25 

2.7:1 

6.1 

66.7 

79.2 

52.8 

375 

0.22 

0.3*> 

1.82 

10.5 

68.5 

80.8 

55.4 

376 

0.22 

0.96 

0.78 

25.1 

72.6 

86.2 

62.6 

376 

0.22 

1.41 

0..55 

37.1 

78.6 

92.5 

72.6 

370 

0.24 

1.84 

0.12 

44.4 

82.0 

91.5 

7.5.1 

372 

0.24 

2.42 

0.32 

58.5 

73.1 

91.0 

66.4 

Dilution  of  methyldioxane  (1)  by  water  vapor  leads  to  substantial  acceleration  of  tlie  reaction.  As  is 
evident  from  tlie  data  of  Table  1,  an  increase  in  the  proportion  of  water  from  6  to  44  moles  per  mole  of  (1)  with 
the  corresponding  decrease  in  the  contact  time  not  only  did  not  decrease,  but  even  somewhat  increased  tlie  degree 
of  conversion  of  (I).  On  the  basis  of  tliis  fact  it  was  concluded  that  water  participates  directly  in  the  reaction. 
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Experiments  in  continuous  contact  showed  that  tlie  degree  of  conversion  of  (I)  and  the  yields  of  divinyl 
diminish  every  hour.  Hence,  die  time  of  operation  of  the  catalyst  before  regeneration  must  not  exceed  4  hours. 

When  the  operating  time  of  die  catalyst  before  regenera¬ 
tion  is  8  hours,  die  yield  of  divinyl,  reckoned  on  passed 
(1),  is  2h%  lower  than  when  the  time  is  2  hours.  The 
stability  of  the  catalyst  proved  to  be  very  satisfactory. 

After  700  hours  of  operation  die  catalyst  was  still  as 
active  as  at  die  beginning  of  die  test.  In  experiments  of 
2-hours'  duration  (before  regeneration)  die  average  yield 
of  divinyl  for  the  last  400  hours  was  77‘7o,  reckoned  on 
passed  (1),  or  84*70,  reckoned  on  decomposed  (1). 

Study  of  the  Conversions  of  Allylcarbinol.  Allyl- 
carbinol  (IV),  as  we  have  seen,  is  one  of  the  products  of 
the  catalytic  cleavage  of  mediyldioxane  (1).  Along  with 
undeconiposed  (l),  it  is  distilled  from  die  "furnace"  con¬ 
densate  in  the  form  of  close-boiling  azeotropes  widi  water. 
Allylcarbinol  may  be  used  bodi  for  divinyl  preparation 
and  odier  syndieses.  In  the  latter  case,  it  is  expedient  to  carry  out  die  contact  cleavage  of  (1)  under  conditions 
providing  die  maximum  yield  of  allylcarbinol  along  with  divinyl  (see  above).  (IV)  is  smoothly  dehydrated  to 
divinyl  on  KSD  catalyst  under  die  conditions  chosen  for  contact  conversion  of  die  principal  product  (I).  The  ex¬ 
perimental  results  given  in  Table  2  show  that  even  at  350"  (IV)  is  dehydrated  smoodily  widi  a  good  yield  of 
divinyl.  At  375*  the  conversion  of  (IV)  is  practically  quantitative. 


TABLE  2 

Dehydration  of  Allylcarbinol  on  KSD  Catalyst 


Tempera¬ 

ture 

Space  velocity  (ml/ ml  of 
[catalyst  per  hour) 

Total  conversion 
of  allylcarbinol 

Yield,  reckoned  on  allylcarbinol 
passed  (mole  %) 

allylcarbinol 

water 

(in  %) 

divinyl 

propylene 

carbon 

350* 

0.230 

0.694 

88.7 

73.2 

10.8 

1.4 

375* 

0.237 

0.737 

98.0 

82.0 

9.7 

2.1 

Fig.  3.  Contact  conversion  of  4- mediyldioxane 
on  KSD  catalyst  at  350*  and  1  :12  (molar) 
dilution  by  water  vapor,  l)  Allylcarbinol: 

2)  divinyl :  3)  unsaturated  hydrocarbons. 


A  very  expedient  technical  use  of  (IV)  lies  in  its  conversion  to  butanol- 1  (V)  by  hydrogenation;  our  experi¬ 
ments  show  that  this  can  be  carried  out  widi  quantitative  yield:.  [GJ,  Butanol- 1  is  an  important  product  of  primary 
organic  synthesis;  at  present  there  are  only  a  few  mediods  for  its  preparation.  Allylcarbinol  (IV)  may  be  another 
starting  material  for  syndieses  of  hitherto  unavailable  derivatives  of  tetrahydropyran.  It  was  shown  diat  (IV) 
smoothly  reacts  widi  formaldehyde  in  the  presence  of  acid  to  form  4-hydroxytetrahydropyran  (III)  in  near- quan¬ 
titative  yields  [4j.  For  a  number  of  syndieses  (IV)  must  be  isolated  from  the  catalyzate  in  a  pure  state.  In  our 
case,  diis  is  complicated  by  die  proximity  of  die  boiling  points  of  (IV)  and  undecomposed  (I),  both  in  the  pure 
state  and  in  the  form  of  their  azeotropes  with  water.  A  mediod  for  separating  (I)  and  (IV)  from  the  catalyzate 
by  azeotropic  distillation  in  die  presence  of  toluene  was  developed  [8];  (I)  does  not  form  an  azeotrope  with 
toluene,  whereas  (IV)  gives  an  azeotrope  widi  b.  p.  103.6*  in  which  die  content  of  (IV)  is  33.6 *7o. 

In  order  to  evaluate  the  results  more  carefully,  a  number  of  material-balance  experiments  were  performed, 
in  which  all  reaction  products  were  taken  into  account  as  far  as  possible.  In  Table  3  ate  given  typical  material 
balances  for  "divinyl"  conditions,  and  also  "allylcarbinol"  conditions  (i.e.,  conditions  providing  simultaneous 
formation  of  the  maximum  amount  of  allylcarbinol  togedier  with  divinyl). 

Tne  aqueous  condensate,  formed  in  the  contact  cleavage  of  mediyldioxane  (I),  contains  unreacted  (1), 
allylcarbinol  (IV),  and  formaldehyde.  The  yields  of  formaldehyde  formed  as  a  result  of  the  reaction  [one  mole 
of  formaldehyde  per  mole  of  divinyl  and  per  mole  of  (IV),  and  two  moles  per  mole  of  propylene]  varied  from 
89  to  93%  in  die  material- balance  experiments:  (I)  and  (IV)  may  be  distilled  from  die  condensate  in  the  form 
of  azeotropes.  After  distillation  of  the  aqueous  azeotropes  of  (I)  and  (IV)  the  condensate  consists  of  a  dilute 
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(5-7%)  formaldehyde  solution.  The  latter  may  be  returned  to  the  process  (for  condensation  witli  propylene)  in 
the  form  of  a  standard  37%  solution  by  concentration  under  pressure  [9], 

Contact  Conversion  of  4-Hydroxytetrahydro^ran.  The  main  by-product  in  the  reaction  of  propylene  with 
formaldehyde  is  4-hydroxy tetrahydropyran  (111),  tlie  amount  of  which  is  7-10%,  reckoned  on  reacted  formaldehyde 
It  may  be  of  interest  in  itself  and  may  find  use  in  the  synthesis  of  a  number  of  substances  (e.g.,  derivatives  of 
tetraliydropyran  [4],  esters,  etc.).  It  was  of  Interest  to  us,  however,  to  study  the  direction  of  contact  conversion 
of  (Ill)  on  KSD  catalyst. 

TABLE  3 

Material- Balance  Experiments  in  the  Contact  Conversion  of  4-Methyldloxane-l,3  on  KSD  Catalyst 
Reaction  Conditions:  A)  "dlvinyl  regime,"  temperature  375*,  space  velocity  0.22  ml/ml  of 
catalyst  pet  hour,  dilution  by  water  vapor  1 :18  (molar);  amount  of  methyldloxane  (1)  passed, 

70.3  g  (0.6892  mole);  B)  "allylcarbinol  regime,"  temperature  350",  space  velocity  0.55  ml/ml 
of  catalyst  per  hour,  dilution  by  water  vapor  1  ;12  (molar);  methyldloxane  (I)  passed,  107.8  g 
(1.058  mole). 


Reaction  products 
obtained 

A 

B 

Weight 

(Ing) 

yield,  reckoned  on 
methyldloxane  (in 
mole  %) 

Egjj 

yield,  reckoned  on 
metliyldioxane  (in 
mole  %) 

passed 

decomposed 

passed 

decomposed 

Divinyl 

26.14 

70.30 

82.00 

16.0 

28.0 

46.0 

Propylene 

1.78 

5.92 

6.85 

1.4 

3.1 

5.1 

Allylcarbinol 

4.24 

8,55 

— 

17.6 

23.1 

38.0 

Recovered  methyl- 

dioxane 

3,96 

5.65 

- 

42.2 

39.2 

— 

Low- boiling  liquid* 

products  (60-80* 

fraction;  contains 

25%  butyraldehyde) 

1.72 

3.48 

4.05 

- 

- 

Carbon  on  the  catalyst 

1.1 

2.35 

2.75 

0.4 

0.6 

1.1 

Losses 

— 

3.75 

4.35 

— 

6.0 

9.8 

Total 

100 

100 

100 

100 

•  On  calculating  yields  In  experiments  performed  under  the  conditions  for  divinyl  preparation, 
the  low-boiling  liquid  products  were  arbitrarily  taken  to  be  butyraldehyde,  and  allylcarbinol  was 
considered  equivalent  to  recovered  methyldloxane. 


When  (111)  is  passed  over  this  catalyst  under  the  usual  conditions  for  contact  cleavage  of  (1)  [temperature 
375*,  space  velocity  of  (111),  0.6,  and  dilution  by  water  vapor,  1 :2  by  weight],  the  (111)  is  dehydrated  to  a 
considerable  extent,  2,3- dihydro-  a-pyran  (VIII)  being  formed  [36  mole  %,  reckoned  on  passed  (III)].  Products 
formed  besides  (VIII)  include  15-20%  of  divinyl  and  about  5%  of  the  unsaturated  alcohol  [mainly  (IV)],  both 
reckoned  on  passed  (III).  In  the  condensate  95-98%  of  formaldehyde  is  found. 

The  yield  of  divinyl  substantially  Increases  when  the  reaction  is  carried  out  under  more  severe  conditions. 
Thus,  if  (III)  is  passed  over  the  catalyst  at  500  and  550*  (space  velocity,  0.4,  dilution  by  water  vapor,  1  :2 
by  weight),  the  yield  of  divinyl,  reckoned  on  passed  (III),  Increases  to  50,3  and  69.5  mole  %,  respectively. 

Reaction  Mechanism.  Earlier  we  showed  (Table  1)  that  the  contact  cleavage  of  metliyldioxane  (I)  is 
substantially  accelerated  as  the  water-vapor  concentration  increases.  This  fact  indicates  that  water  definitely 
takes  part  In  the  reaction.  In  our  opinion,  the  first  stage  of  the  reaction  is  the  hydrolysis  of  (I)  to  butanediol-1,3 
(II)  in  die  presence  of  water  vapor,  formaldehyde  being  split  out.  The  butanedlol,  adsorbed  on  the  catalyst,  is 
dehydrated  at  a  rate  more  rapid  than  that  of  its  possible  desorption  and  evolution  into  the  gas  phase.  In  this  case 


dehydration  of  (II)  takes  place  with  splitting-out  of  one  or  two  molecules  of  water  and  the  corresponding  con¬ 
version  to  allylcarbinol  (IV)  and  divinyl.  The  formation  of  (IV)  and  diat  of  divinyl  are  consecutive  reactions, 
as  is  indicated  by  the  characteristic  maximum  in  tlie  kinetic  curves  of  dependence  of  the  yield  of  (IV)  on  the 
contact  time  (Figs.  1  and  3).  I'lie  character  of  tlie  catalyst,  which  has  hydrolyzing  and  dehydrating  properties 
simultaneously,  also  favors  the  reaction  in  tliis  direction.  Thus,  wltli  this  catalyst  under  conditions  similar  to 
those  described,  nictliylal  was  smootlily  hydrolyzed  to  medianol  [lOj;  tlie  smootli  dehydration  of  (IV)  to  dlvinyl 
also  is  described  in  die  cited  article. 

Besides  the  main  reaction,  cracking  of  (1)  to  propylene  and  formaldehyde  takes  place  as  a  side  reaction 
which  goes  at  a  low  rate  under  the  chosen  conditions.  The  formation  of  butyraldehyde  (VI).  which  we  found  in 
the  low-boiling  fraction  (GO- 80*)  of  die  condensate,  may  be  explained  by  isomerization  of  the  6 - unsaturated 
crotyl  alcohol  (VII),  which  we  found  in  small  amounts  along  with  allylcarbinol  (IV). 

4-Hydroxytctrahydropytan  (III)  is  dehydrated  under  mild  conditions  wldi  die  formation  of  (Vlll).  The 
mechanism  of  formation  of  divinyl  from  (III)  is  apparently  one  of  selective  cracking,  in  which  a  molecule  of 
(III)  is  decomposed,  formaldehyde  and  a  C^- alcohol  fragment  being  split  out.  The  latter  either  changes  to  (IV), 
which  is  more  stable  under  die  reaction  conditions,  or  is  further  dehydrated,  dlvinyl  being  formed.  The  stated 
conversions  are  shown  in  Scheme  2. 


CHa-CH— CHj— CH,  CHa-CII-CIls-CH, 

O-CII2-O  Oil  OH 

(I)  1  ("> 

Cracking 


o 

CH3-CII=CH2-f-2CH20  CH2=CH-CH2-CH20H  CH3-CH=CH— GHjOH 

(I'V)  ✓  1  ^yjjj 


-n,o 

CII3CH2CH2CH2OH  CIl2=CH— CH=CH2  CHaCHjCHtCHO 


(V) 


(VI) 


CH 


(111) 


Scheme  2 


EXPERIMENTAL* 

The  laboratory  setup  in  which  the  work  was  done,  the  method  of  its  use,  and  the  evaluation  of  the  experi¬ 
mental  results  were  described  earlier  by  us  [7],  The  method  of  preparing  KSD  catalyst  and  the  contact- process 
parameters  used  were  described  in  die  same  work. 


•  N,  K,  Shemyakina  assisted  in  the  experimental  part. 
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4-MeiJiyldioxane  (I)  (technical)  was  redistilled  in  a  laboratory  column  witli  17  theoretical  plates,  and 
had  die  constants:  b.  p.  114-116  *  n^°D  1.4165,  d^®4  0.9741. 

Literature  data  [3];  b.  p.  115.3*,  n^D  1.4159,  d*‘’4  0.9758;  azeotrope  of  (I)  with  water:  b.  p.  88.3*; 
content  of  (I)  16.15^0,  HjO  23.25*70  [3,  6j. 

^lylcarbinol  (IV)  -  technical,  widi  a  (IV)  content  of  95.15*70  (determined  by  the  bromide- bromate 
method),  n^°D  1.4219,  d‘®4  0.8478;  azeotrope  of  (IV)  widi  water:  b.  p.  92.7";  content  of  (IV)  59.6*7o, 

HjO  40.4 *7o  (3,  6]. 

4-Hydroxytettahydropyran  (111)  —  technical,  b.  p.  85-95*  (at  20  mm),  n*®D  1.4585,  d^4  1.0701. 

Literature  data  [3j;  b.  p.  190*,  n“D  1.4600,  d^4  1.0708. 

Method  of  Analyses,  The  divinyl  content  in  die  gas,  collected  on  contact  and  blowing- out  of  the  con¬ 
densate,  was  determined  by  bromination  [llj. 

Allylcarbinol  (IV)  and  undecomposed  methyldloxane  (I)  were  determined  in  the  fraction  distilled  from  the 
condensate  up  to  96*,  containing  aqueous  azeotropes  of  (I)  and  (IV).  In  this  case,  the  (IV)  content  was  determined 
by  the  bromide- bromate  mediod  [llj:  in  certain  cases  this  determination  was  checked  by  die  phdialization 
method  [12],  (1)  was  determined  by  the  method  of  hydrolysis  in  the  presence  of  hydroxylamine  salts  [10].  The 
formaldehyde  content  in  the  condensate  was  determined  by  the  iodine  method  according  to  Romiin.  The  content 
of  unsaturates  in  the  gas  was  determined  dirough  absorption  by  84*7o  H2SO4  in  an  Orsat  apparatus;  die  difference 
between  die  content  of  unsaturated  hydrocarbons  in  the  gas  and  the  divinyl  content  was  ascribed  to  propylene. 

Material- Balance  Experiments.  On  carrying  out  the  material- balance  experiments  die  contact  conversion 
products  from  a  number  of  experiments,  performed  under  identical  conditions,  were  combined.  Gas  analysis  was 
carried  out  as  stated  above,  Tlie  condensate  was  distilled  in  a  column  with  an  efficiency  of  45  theoretical  plates. 
Owing  to  die  fact  diat  die  individual  fractions  were  stratified  liquids,  the  distillate  was  taken  off  in  the  vapor 
phase.  The  main  clearly  separated  fractions  were  the  azeotrope  of  methyldloxane  (I)  with  water  (b.  p.  88*) 
and  the  azeotrope  of  allylcarbinol  (IV)  widi  water  (b.  p.  92*);  the  content  of  (I)  and  (IV)  in  these  fractions  was 
also  determined  analytically.  Butyraldehyde  was  found  in  the  low-boiling  fraction  (60-80*)  and  was  also  deter¬ 
mined  analytically.  The  amount  of  "carbon*  on  the  catalyst  was  determined  from  the  amount  of  carbon  dioxide 
in  the  contact  gas  and  the  regeneration  gases  [7J. 

Divinyl.  The  maleic  anliydride  adduct,  m.  p.  102.5-103.5*,  was  prepared  for  identification.  Part  of  the 
tetrahydtophthalic  anliydride  obtained  was  boiled  widi  water  until  completely  dissolved;  crystals  widi  m.  p. 

164.5- 165"  (tetrahydrophthalic  acid)  separated  out  on  cooling. 

Allylcarbinol  (IV)  was  Isolated  from  its  azeotrope  with  water  by  salting  out  and  then  drying  with  potash 
and  distilling  in  a  precision  column. 

B.  p.  114.2-115*;  d“4  0.8453,  n^D  1.4212.  Acetate;  b.  p.  124.7-125.2*,  d“4  0.9302,  n“D  1.4206. 

3.5- Dinitrobenzoate;  b.  p.  152*  (from  alcohol). 

Literature  data;  b.  p.  112-113.5*  (755  mm),  d”-®4  0.8379,  n”*®D  1.4146.  Acetate;  b.  p.  125*, 
d“4  0.934. 

Hydrogenation  of  Allylcarbinol  (IV).  The  azeotrope  of  allylcarbinol  with  water  (separated  by  azeotropic 
distillation  widi  toluene),  containing  57.4*7o  (IV),  0.14 *7o  methyldloxane,  and  48.46*70  water,  was  used  for  the 
reaction.  The  hydrogenation  was  carried  out  over  "copper- chromite*  catalyst,  reduced,  according  to  directions 
in  [13],  in  an  oscillating  autoclave.  The  autoclave  was  charged  with  6  g  of  catalyst,  60  ml  of  medianol,  154  g 
of  the  azeotrope  [1,33  moles  of  (IV)],  and  hydrogen  to  80  atm  pressure  at  18*.  The  hydrogenation  was  carried 
out,  with  heating,  for  1.5  hours.  At  the  end  of  the  reaction  the  temperature  was  140*.  The  amount  of  hydrogen 
consumed  was  22.2  liters  (1.26  moles).  The  hydrogenation  products  were  filtered  to  remove  the  catalyst,  the 
latter  washed  with  methanol,  and  the  filtrate  and  washings  fractionally  distilled.  The  yield  of  butanol- 1  was 
quantitative. 

B.  p.  117-117.5*,  d“4  0.8095,  n^D  1.3999.  Uterature  data;  b.  p.  117.4*,  d“4  0.80978,  n“D 
1.39991. 
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Buiyraldchydc  (VI)  was  determined  from  tlie  low- boiling  fraction  (60-80*),  in  the  form  of  the  2,4-dinltro- 
phenylhydrazone,  m.  p.  123-124*.  A  mixed  sample  with  a  known  preparation  gave  no  melting-point  depression. 

Contact  Conversion  of  4-Ilydroxytetrahydropyran  (111).  A  total  of  102  g  of  (III)  was  passed  under  the 
conditions  stated  above,  and  330  g  of  condensate  was  obtained,  which  was  distilled  in  a  column  with  70  theoretical 
plates,  the  distillate  being  taken  off  in  die  vapor  phase.  The  upper  layer  of  die  fraction  with  b.  p,  76-76,5*  was 
dried  with  potash  and  redistilled.  Twenty  g  of  2,3-dihydro-  a-pyran  (Vlll)  was  obtained. 

B.  p.  93*,  d’*4  0.9389,  n^®D  1.4480,  MRp  23.97;  Calc.  24.26.  Bromine  number  188:  calc.  190. 

Uterature  data  t4j:  b.  p.  93*,  d^'’4  0.9394,  n^D  1.4480. 

SUMMARY 

1.  Tlie  synthesis  of  dlvinyl,  based  on  die  interaction  of  propylene  and  formaldehyde,  was  studied,  and  a 
catalyst  for  this  process  was  chosen. 

2.  A  yield  of  divinyl  equal  to  70 reckoned  on  methyldioxane  passed,  or  82<yo,  reckoned  on  that  decom¬ 
posed,  was  attained  as  a  result  of  studying  die  conditions  of  contact  cleavage  of  methyldioxane  (the  main  product 
of  the  reaction  of  propylene  with  formaldehyde). 

3.  The  possibility  of  simultaneous  synthesis  of  divinyl  and  allylcarbinol  (in  approximately  equal  proportions 
by  weight)  in  84®7o  yield  reckoned  on  decomposed  mediyldioxanc  was  diown.  In  this  case,  die  expediency  of 
using  allylcarbinol  for  die  synthesis  of  butanol- 1  by  quantitative  hydrogenation  of  die  former  is  noted. 

4.  The  contact  conversion  of  4-hydroxytetrahydropyran  (a  by-product  of  the  reaction  of  propylene  with 
formaldehyde)  was  studied.  A  reaction  mechanism  for  die  formation  of  die  contact- conversion  products,  methyl¬ 
dioxane  and  4-hydroxytetrahydropyran,  is  proposed. 
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REACTION  OF  tert-BUTYL  LITHIUM  WITH  ESTERS 


A.  D,  Petrov,  E.  B.  Sokolova,  and  Kao  Ching-lang 
D.  I.  Mendeleev  Moscow  Chemicotechnological  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1107-1117,  April,  1960 
Original  article  submitted  April  27,  1959 

It  has  been  shown  in  a  number  of  investigations  [1]  that  tert-butylmagnesium  halides  react  with  esters  by 
anomalous  routes  that  lead  to  symmetrical  ketones  with  radicals  corresponding  to  those  of  the  acids  used,  to 
secondary  alcohols  that  are  reduction  products  of  these  ketones,  to  disecondary  alcohols,  etc.  The  mechanism 
of  this  reaction,  which  takes  place  in  the  case  of  the  esters  of  low  molecular  wei^t  acids  at  ordinary  temperatures 
(in  ether),  but  in  the  case  of  the  esters  of  high  molecular  weight  acids  at  elevated  temperatures  up  to  100*  (in 
xylene),  has  been  represented  by  the  schemes  shown  below. 


2RCOORi  +  2R2MgX  ^  2RCOOMgX  +  (R2  +  H)  +  (R2-H)  -f-  (Rj  +  H)  +  (Rj-H)  ^  HCOR  +  MgCOg  4  MgXg 


or 


(1) 


2R2MgX  Mg(R2)2  +  MgXa;  2RCOORi  +  2MgX2!  ->  2RiX  +  2RCOOMgX  etc.  (2) 

The  possibility  of  saponification  of  the  ester  under  these  conditions  was  experimentally  verified  by  heating 
heptyl  palmitate  with  anhydrous  magnesium  chloride,  as  a  result  of  which  heptyl  chloride  was  isolated  [2j.  It 
was  also  established  [3]  that  t'dien  Mg  was  replaced  by  Na  and  when  a  mixture  of  tert- butyl  chloride  and  the  esters 
of  butyric  or  isobutyric  acid  were  added  to  the  latter,  only  in  tlie  case  of  the  latter  ester  was  it  possible  to  carry 
out  die  reaction  according  to  the  normal  scheme  and  obtain  di-tert-butylisopropylcarbinol  in  small  yield  (19*70). 

In  die  case  of  the  butyric  acid  ester,  however,  tert- butyl  propyl  ketone  and  the  secondary  alcdiol  corresponding 
to  it  were  obtained. 

In  the  present  investigation  we  substituted  Li  for  the  Na  and  changed  from  a  one- stage  to  a  two- stage 
scheme  for  carrying  out  the  synthesis,  whereby  die  condensation  of  the  Li  alkyl  witli  the  esters  was  accomplished 
at  a  very  low  temperature  (  —  35  -  40*).  Under  these  conditions,  which  guaranteed  that  tlie  reaction  would  go 
predominantly  by  the  route  of  a  pure  organometallic  synthesis 


we  obtained  very  high  yields  of  the  tertiary  alcohols,  varying  within  the  range  85-60%  for  the  first  members  of 
the  series  of  esters  (in  the  case  of  a  2-fold  excess  of  tert-butyl  lithium  over  the  theoretical).  The  yield  of  tlie 
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alcohols  decreased  with  an  increase  in  tlie  length  of  R;  for  the  ester  of  enantliic  acid  it  fell  to  50®7o  and  for  die 
ester  of  undecylenic  acid  to  30%.  A  diaracteristic  peculiarity  of  diis  reaction  was  the  complete  absence  of  side 
reduction  processes  in  the  synthesis  of  die  alcohols  -  even  in  the  case  of  the  reaction  with  the  ester  of  formic 
acid.  We  sliould  keep  in  mind  that,  as  Favorskii  and  Kolotova  sliowed  [4],  tert-C4H9MgCl  reacts  with  this  ester 
according  to  the  scheme 


HCOOQII.-,  +  2  tert  -*  tert  -CillnClljOH  4-  MgClOH  -f 

-I-  Mgci(0(:2H5)-t-cn2=C(CH3)2. 

Ketones  of  the  type  RCOR  were  found  in  this  reaction  in  traces  only  in  die  case  of  such  a  high  molecular 
weight  ester  as  diat  of  undecylenic  acid. 

In  view  of  die  great  effect  on  the  alcohol  yield  of  an  excess  of  die  lidiium  alkyl  established  in  die  example 
of  die  esters  of  monobasic  acids,  all  die  experiments  with  the  esters  of  dibasic  acids  were  carried  out  with  a  2- 
fold  excess  of  lidiium  alkyl  as  compared  with  the  dieoretical  (i.e.,  with  a  1  ;8  ratio  of  ester  to  lidiium  alkyl). 
However,  die  yields  of  diteniary  glycols  from  die  esters  of  such  acids  as  adipic,  azclaic,  and  sebacic  varied 
widiin  the  limits  23-30%,  i.e.,  diey  were  V2  to  V3  of  the  yields  of  tertiary  alcohols  under  similar  conditions. 
Along  with  the  ditertiary  glycols,  inteimediate  products  of  the  synthesis,  diketones  and  keto  alcohols  (tertiary), 
were  obtained  in  40-50%  yields.  With  a  still  larger  excess  of  the  lithium  alkyl  (1 :16)  we  were  able  to  raise 
die  yield  of  die  glycol  to  52%  in  the  case  of  the  ester  of  adipic  acid  in  one  of  the  experiments.  Thus,  the 
reaction  «:nn  be  schematically  represented  for  the  above-mentioned  esters  of  dibasic  acids  by  die  following 
equation 


tert 

tert  -C4nn 

tert  G4H9  tert  -C4H0  tert 

QHn 

\/ 

[ 

GOOGjUr, 

qoil) 

C(OH) 

1 

0=0 

1 

GH2)x  *1"  8  tert  -(,4119! 

1 

Ih  (Clli), 

1  (CH2)x  -f 

1 

1 

(CH2)x 

1 

1 

('oOCjHr, 

1 

C(Oll) 

c=o 

c=o 

/\ 

\ 

1 

tert 

-f’^llo  tert  -r,4Mp 

tert  -C4HJ,  tert 

■C,II, 

T  =  2  —  9 

25  -  30"/, 

40  -  50% 

In  an  experiment  with  die  ester  of  succinic  acid,  for  which  the  steric  hindrance  is  somewhat  higher  than 
in  the  case  of  die  esters  of  higher  molecular  weight  acids,  die  crystalline  diketone  tert-C4H9“CO— (CH2)2“CO 
—  C4H9-tert  was  die  predominant  product.  The  intermediate  product  of  die  reaction,  the  keto  alcohol,  was 
obtained  in  low  yield,  and  the  glycol  was  not  formed  at  all.  In  the  case  of  the  ester  of  oxalic  acid,  where  the 
steric  hindrances  are  still  more  appreciable,  die  ditertiary  glycols  again  were  not  formed.  The  yield  of  the 
tertiary  alcohol- ketone 


tert  -C4Ho-C(OII)-GO-C4H8-  tert 
» 

tert  *04119 

was  very  low  and  the  main  product  of  the  reaction  proved  to  be  not  the  expected  diketone  (as  in  the  case  of  the 
ester  of  succinic  acid),  but  the  corresponding  keto  alcohol  (secondary). 

It  is  known  [5]  that  die  ester  of  oxalic  acid  forms  with  tert-C4H9MgCl  only  the  product  of  the  first  stage 
of  the  reaction,  tett-C4H9COCO(X:2H5  and  the  disecondary  glycol  tert- C4H9CHOHCIIOHC4H9- tert,  which 
indicates  the  large  extent  of  the  reducing  reactions  in  the  latter  case. 

The  ester  of  malonic  acid  reacts  with  normal  Mg  halogen  alkyls  by  the  normal  route.  Thus  [6]  as  a  result 
of  the  reaction  of  die  malonic  ester  with  n-CjoH2iMgBr  l,l,3,3-tetra-n-dccylpropandiol-l,3  was  obtained  [6J. 

The  malonic  ester  does  not  react  with  branched  alkyl  halides  at  all  because  of  die  development  of  greater  steric 
hindrances  and  enolization.  When  malonic  ester  reacted  with  iso-C3il7MgCl,  unreacted  malonic  ester  and 
propane  were  obtained  [7].  The  reaction  of  malonic  ester  with  tert-C4H9MgCl  had  not  yet  been  studied  by  anyone. 
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We  carried  out  this  reaction  in  the  present  Investigation  and  obtained  back  malonlc  ester  plus  a  mixture  of  iso- 
butane  and  Isobutylene  (in  3:2  ratio).  The  reaction  with  tert-butyl  lithium  went  differently,  and  as  a  result  we 
obtained  plnacolln  and  hexametliylacetoae.  The  following  reaction  scheme  is  suggested  as  probable. 


^COOCjH, 

H,C  <■  tert 

^COOCjHs 


tert  -CijHj^ 

^COOCjHj  j  -CiH.Li  '^0/Ll 

•  LI-CH  --  LlCH  n  'J 

''OCzHj 


COOCjHj 


0  *'1^3  ^^3 

—  tert-C^Hg-C-OC^H,  ^iHJl^i-tert  -C^Hg-C-OCjHj— ^CHj-C— C-C-CHj 

tert'CijHg  CHj  0  CHj 

Oi,i  OLi  0  M 

LICH=C-DC2H5  LlCH  =C-C»Hg- tert  CHj-C— C  — CHj 

CHj 

Dl-tert-butylcarbinol  is  produced,  obviously,  as  a  result  of  the  reduction  of  hexamethylacetone. 


EXPERIMENTAL 

Preparation  of  tert-butyl  lithium.  There  are  two  methods  of  preparing  tert-butyl  lithium.  Gilman  [8] 
prepared  it  in  50-65%  yield  by  heating  tert-butyl  chloride  with  metallic  lithium  in  petroleum  ether  for  8  hours, 
Bartlett  [9]  sliowed  diat  tert-butyl  lldiium  is  easily  prepared  in  75%  yield  in  diethyl  ether  at  (—  35)-(-40’)by 
reacting  tert-butyl  cliloride  with  litliium  for  2-3  hours.  We  chose  Bartlett's  method.  The  syntheses  were  carried 
out  in  a  two- liter  flask  fitted  with  an  oil  seal,  a  reflux  condenser  witli  a  calcium  chloride  tube,  a  dropping  funnel, 
and  a  stirrer.  To  prepare  die  organolithium  compound  from  41.7  g  of  lithium  and  278  g  of  tert-butyl  chloride, 
we  placed  in  the  flask  1  liter  of  absolute  ether.  Tlie  metallic  lithium  vas  cut  into  small  pieces  with  shears  in 
a  current  of  nitrogen  over  a  conical  funnel  and  introduced  through  the  latter  into  die  reaction  flask.  The  lithium 
prepared  la  this  way  (pieces  1  mm  x  1  mm)  retained  its  metallic  luster  and  was  completely  suitable  for  the 
synthesis. 

The  reaction  flask  was  placed  in  a  badi  with  a  cooling  mixture  (dry  ice  and  acetone),  after  which  the 
stirrer  was  turned  on.  When  die  temperature  had  dropped  to  —  35*,  we  began  to  add  the  tert-butyl  chloride 
(b.  p,  50.5-52.5*)  dissolved  in  an  equal  volume  of  absolute  ether,  while  maintaining  the  temperature  of  the 
reaction  mixture  at  (-35)- (-40*).  The  reaction  usually  started  at  once  and  went  smoothly  to  its  termination  in 
3.5  hours.  After  all  the  chloride  had  been  Introduced,  stirring  was  continued  for  0.5  hour  longer.  During  the 
addition  of  the  chloride  It  was  necessary  to  maintain  strictly  the  required  temperature.  Cooling  to  —  50*  could 
extinguish  the  reaction.  At  —  20*  the  appearance  of  a  yellowish  precipitate  was  observed  and  also  a  heating  up 
of  die  reaction  mixture,  which  was  caused  by  the  decomposition  of  the  tert-butyl  lidiium  by  the  ethyl  ether  [10]. 
When  the  chloride  was  added  more  rapidly  to  the  lithium  or  at  a  higher  temperature,  we  also  often  observed  the 
evolution  of  a  small  amount  of  Isobutylene,  which  probably  was  produced  as  a  result  of  the  decomposition  of  die 
lithium  alkyl  to  olefin  and  lithium  hydride  [11]. 

Preparation  of  alcohols  and  glycols.  A  mixture  of  the  ester  and  an  equal  volume  of  absolute  alcohol 
was  added  to  die  organolidiium  compound  that  had  been  prepared.  In  the  case  of  syntheses  with  esters  of 
dibasic  acids,  the  latter  were  diluted  with  4  times  their  volume  of  edier  to  avoid  their  solidifying  in  the  process 
of  adding  them  at  low  temperature.  The  amount  of  ester  used  in  the  synthesis  of  die  alcohols  was  Vz  or  V4 
of  the  amount  required  according  to  Eq.  (3).  The  reaction  was  carried  out  also  at  (— 35)-(— 40")  in  an  atmosphere 
of  nitrogen  and  proceeded  without  die  evolution  of  gases  (except  for  syntheses  with  malonic  ester).  At  -  55* 
and  below,  where  the  reaction  goes  slowly,  it  was  mainly  the  intermediate  condensation  product,  the  ketone, 
that  was  obtained.  After  all  of  the  ester  had  been  added,  the  reaction  mixture  was  stirred  for  1.5  hours  longer. 
The  unreacted  lithium  was  separated  out  by  filtration  and  the  reaction  product  was  decomposed  with  ice  and 
dilute  hydrochloric  acid  and  treated  in  the  usual  way.  To  remove  the  unreacted  ester,  die  reaction  products  were 


1126 


saponified  witii  15%  alcoholic  solution  of  NaOH  for  6-18  hours,  Tlie  unreacted  lithium  was  decomposed  with 
methyl  alcohol  and  witli  water  and  was  neutralized  by  titration  widi  a  solution  of  acid.  On  the  average,  about 
4-10%  of  tire  lithium  employed  in  the  synthesis  did  not  react. 

1.  Reaction  of  ten- butyl  lithium  with  esters  of  aliphatic  monobasic  acids.  The  reaction  of  tert-C4HjLi 
witli  the  metliyl  esters  of  tire  following  acids  was  investigated:  formic,  acetic,  propionic,  butyric,  isobutyric, 
valeric,  isovaleric,  caproic,  enanthic,  and  undecylenic.  The  molar  ratio  of  tert-butyl  lithium  and  ester  in  the 
experiments  was  4  :1.  The  yield  of  condensation  products  —  tertiary  alcohols  and  ketones  —  and  their  properties 
are  sliown  in  Tables  1-3. 


TABLE  1 

Yield  of  Tertiary  Alcdiols  and  Ketones  from  tire  Reaction  of  RCOOCH3  with  tert-C4H9Li 
(in  %) 
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j 
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0 

X 

CO 

u 

t 

c 

^  I 

U  j 
c  1 

U 

1 

0 

CO 

X 

0 

u 

1 

RC011(C4ll9)2-tert 

85.3  * 

80.3 

78.8 

88.1 

66.7 

64.2 

65.9 

60.3 

.50.5 

30.5 

n-C-C4lI„-iert 

1 

6.5 

6.0 

1.1 

1 

1 

11.3 

1 

14.5 

15.6 

22.5 

30.6 

24.6**^ 

*  Yield  of  secondary  alcohol  is  shown. 

**  1.3%  of  the  ketone  RCOR  was  obtained  at  the  same  time. 


II.  Reaction  of  tert-butyl  litliium  with  esters  of  aliphatic  dibasic  acids.  In  view  of  tlie  anomalous  behavior 
of  die  first  two  representatives  of  die  series  of  dibasic  acids  in  diis  reaction,  the  experiments  that  were  carried  out 
widi  diethyl  oxalate  and  with  malonic  ester  are  described  in  more  detail  and  die  data  on  the  reaction  of  tert- 
C4H9LI  widi  the  dlmediyl  esters  of  succinic,  adipic,  azelaic,  and  sebacic  acids  are  given  in  die  tables.  In  all 
die  experiments  widi  dibasic  acids  die  ratio  of  tert-butyl  lidiium  to  the  ester  was  8  :1, 

1)  Reaction  of  tert-butyl  lidiium  with  diethyl  oxalate.  Used:  42  g  of  lidiium,  278  g  of  tett-C4ll9Cl,  and 
49  g  of  diediyl  oxalate.  When  die  reaction  product  was  distilled  from  a  Favorskli  flask  at  80-90*  (4  mm),  a 
crystalline  product  with  a  strong  camphor  odor  distilled  at  GO*.  Its  properties  were:  m.  p.  80-81*  (from  n-hexane), 
b.  p.  201-204*  (760  mm).  The  product  was  not  changed  by  die  action  of  concentrated  H2SO4  at  (- 10)-(-20*)nor 
by  prolonged  storage  (4  mondis)  over  P20^.  We  were  not  able  to  determine  die  presence  of  a  ketone  group  by 
making  an  oxime  by  heating.  In  die  IR  spectrum  of  this  compound  (solution  in  CCI4)  an  absorption  band  was 
found  at  1704  cm'^,  corresponding  to  die  valence  vibration  of  die  C  =  0  group. 

Found  %:  C  69.81,  69.65;  H  11.68,  11.56;  OH  10.7,  11.2.  M  177,  183  (in  benzene).  CioH2oO> 
Calculated  %:  C  69.70;  H  11.70;  OH  9.87.  M  172.3. 

From  die  analytical  data,  we  consider  that  the  crystalline  product  was  die  secondary  keto  alcohol,  the 
normal  intermediate  condensation  product.  The  yield  of  the  secondary  keto  alcohol  was  37  g  (57.3%).  For 
evidence  of  die  structure  die  product  was  oxidized  with  iodic  acid  by  the  method  of  Clutterbuck  and  Reuter  [17]. 

We  used  for  the  oxidation  3  g  of  the  keto  alcohol  and  an  equimolar  quantity  of  aqueous- alcoholic  solution  of 
KIO4  acidified  widi  H2SO4.  In  die  neutral  oxidation  products  we  identified  trimethylacetaldehyde  with  a  2,4- 
dinitrophenylhydrazone  of  m.  p.  204-205*  (from  alcoliol). 

Found  %:  N  20.79.  CiiHi204N4.  Calculated  %:  N  21.05. 

In  die  acid  oxidation  products  the  presence  of  tri  methyl  ace  tic  acid  was  established.  The  latter  was  identified 
through  die  amide,  which  had  an  m.  p.  of  150*  (from  benzene).  A  mixed  sample  of  die  amide  prepared  by  us 
and  the  pure  amide  of  trimethylacetic  acid  melted  at  151.5*. 
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Properties  of  Ketones  of  the  Formula  R  — CO  —  tert-C^H 
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The  fraction  with  b.  p.  115-128*  (4  mni),  which  was  obtained  in  the  amount  of  4  g  (4.7%),  apparently 
was  the  impure  keto  alcohol. 

Found  %;  C  73.54,  73.47;  H  12.85,  12.69.  C14H28O2.  Calculated  %:  C  73.63;  H  12.36. 

TABLE  4 


Yield  of  Products  of  Condensation  of  Esters  of  Dibasic  Acids 
ai300C(CH2)nC00CH3  with  tert-C^lIjLi  (in  %) 


n 

2 

4 

7 

8 

Diketone 

CO-tert-C.Hg 

1  ’ 

11.2 

15.0 

7.0 

10.0 

(C^t)n 

CO-tert-C4H9 

Ketoalcohol  (tertiary) 

CO-tert-C4H9 

3.8 

1 

30.2 

.30.1 

COH-(tert-C4H9)2 

Ditertiary  glycol 

COH-(tert-C4H9)2 

26.3 

36.2 

31.0 

(CH2) 

I  ^  n 

COH-(tert-C4H9)2 

i 

2.  Reaction  of  tert-butyl  lithium  with  malonic  ester.  Used:  42  g  of  lidiium,  278  g  of  tert-C4H9Cl, 
and  54.2  g  of  malonic  ester.  During  the  addition  of  tlie  malonic  ester  to  tlie  organolithium  compound  a  violent 
reaction  took  place  and  tlie  evolution  of  gas  was  observed.  Instead  of  the  expected  glycol  and  tlte  intermediate 
condensation  products,  we  obtained  pinacolin,  hexametlivlacetone,  and  its  reduction  product,  2,2,4,4-tetra- 
metliylpentanol-3.  The  products  from  two  replicate  syntlieses  widiout  saponification  were  distilled  on  a  column. 
The  following  materials  were  separated. 

a)  Pinacolin  -  33.1  g,  b.  p.  103-108*  (755  mm),  n“D  1.3985,  d^‘’4  0.8057,  MRd  30.15;  calc. 

29.92.  Semicarbazone  (from  water)  melted  at  154-155*.  2,4- Dinitrophenylhydrazone  (from  alcohol) 

melted  at  124.5-125.5*. 

Found  %;  N  20.03,  20.13.  C12H16O4N4.  Calculated  %:  N  20.00. 

Literature  data  [14] :  b.  p.  103-106*  (746  mm). 

2,4- Dinitrophenylhydrazone,  m.  p.  125*. 

b)  Hexamedtylacetone  -  51.4  g,  b.  p.  152-153.5*  (755  mm),  n^D  1.4203,  d“4  0.8249,  MRp  43.69; 
calc,  43.97. 

Literature  data  [18] :  b.  p.  152*,  n^®D  1.4195. 

Seven  grams  of  hexamedtylacetone  was  reduced  with  metallic  sodium  in  alcohol.  We  obtained  5.8  g  of 
2,2,4,4-tetramethylpentanol-3,  m.  p.  51-52*. 

Found  %;  ai  11.5.  C9II20O.  Calculated  %:  OH  11.8. 
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Properties  of  Products  of  Condensation  of  Esters  of  Dibasic  Acids  with  tert-C^H^Li 
Ditertiary  Glycols  of  the  General  Formula  (tert-C4H9)2GOH-(CH2)n-CCH  (tert-C4H9) 
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78—182  —  1.459Sl  0.9049  85.26  85..34  76.56.  11.79,  Ci8H3402  76.54  12.1:3  —  ;  —  150-152  17.35,  —  17.4:3 

(1)  I  76.75  11.85  I  17.23 


c)  2,2,4,4-Tetramethylpentanol-3  —  6.2  g,  b.  p. 
165-169*  (755  mm).  After  recrystallization  from  n- 
hexane,  m,  p.  51-52*.  A  mixed  sample  gave  no  de¬ 
pression  in  melting  point. 

Literature  data  [12];  b.  p.  117-118*  (166  mm), 

m.  p.  50*. 

The  alcohol  was  formed  by  the  reduction  of  hexa- 
methylacetone  in  tlie  process  of  decomposition  of  the 
unreacted  lithium  that  was  present  in  tlie  reaction  mixture. 
In  a  supplementary  experiment,  it  was  shown  that  if  the 
lithium  was  filtered  off,  the  alcohol  was  absent  from  the 
products  of  the  syntliesis. 

3.  Reaction  of  tert-QH^gCl  with  malonic  ester. 
Tert-QHjMgCl  was  prepared  from  73  g  of  powdered 
metallic  magnesium  and  278  g  of  tert-C4ll9Cl.  Addition 
of  the  chloride  to  the  magnesium  was  extended  over  7 
hours  with  gentle  boiling  of  the  ether,  after  which  tire 
mixture  was  stirred  for  1  hour  more.  IXiring  the  addition 
of  the  malonic  ester  (54.2  g)  at  35*  over  a  period  of 
4  hours,  the  evolution  of  gas  was  observed.  The  gas  was 
passed  tlirough  a  coil  condenser  that  was  placed  in  a 
cooling  mixture  with  a  temperature  of  —  80*.  At  die 
end  of  the  experiment,  the  condensate  was  evaporated 
and  passed  over  into  a  gas  pipet.  Analysis  of  the  gas 
showed  tlie  presence  of  44*^0  of  unsaturated  and  56*70  of 
saturated  hydrocarbons  in  it.  After  the  addition  of  all 
the  malonic  ester,  the  reaction  mixture  (bright  red  in 
color)  was  stirred  for  1  hour  more.  The  reaction  product 
was  decomposed  with  an  aqueous  solution  of  ammonium 
chloride  and  was  treated  in  the  usual  way.  As  a  result 
of  distillation  we  obtained  47  g  of  pure  malonic  ester. 

B.  p.  196-201*,  n^^D  1.4142,  d^'’^  1.0545. 

In  Tables  4  and  5  the  results  of  die  experiments 
on  the  condensation  of  tert- butyl  lithium  with  the 
dimethyl  esters  of  succinic,  adipic,  azelaic,  and  sebacic 
acids  are  given. 

SUMMARY 

1.  It  has  been  shown  that  in  contrast  to  tett-butyl- 
magnesium  chloride,  which  reacts  with  esters  by  anomalous 
routes,  tert- butyl  lidiium  reacts  at (- 35)- (-40°)  with  the 
esters  of  both  monobasic  and  dibasic  acids  by  the  normal 
mechanisms.  In  the  case  of  the  esters  of  a  number  of 
monobasic  acids  -  saturated  acids  from  C2  to  C9  and 
unsaturated  undecylenic  acid  —  die  yield  of  tertiary 
alcohols  varied  from  80  to  30*70.  Along  with  the  alcohols, 
intermediate  products  were  obtained  —  ketones  of  the 
type  RCOR2  -  the  yield  of  which  increased  with  an  increase 
in  the  length  of  die  radical  of  the  acid  in  die  starting  ester. 
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In  tlie  case  of  the  ester  of  formic  acid,  tlie  product  of  normal  reaction,  di-tert-butylcarbinol,  also  was  obtained 
in  85%  yield. 

2.  In  die  case  of  die  esters  of  dibasic  acids  of  high  molecular  weight  (adipic,  azelaic,  sebacic)  the  yield 
of  ditertiary  glycols  varied  widiin  die  range  25-35%,  Along  widi  the  glycols,  intermediate  products  were 
formed  —  diketones  and  keto  alcohols(tertiary).  In  die  case  of  the  esters  of  die  low  molecular  succinic  and 
oxalic  acids,  glycols  were  not  obtained,  but  only  the  keto  alcohols  and  diketones  were  formed.  The  ester  of 
malonic  acid  reacted  v.dth  tert-C4ll9Li  by  a  complex  scheme  (for  which  an  equation  is  proposed)  with  the 
formation  of  pinacolin,  hexamediylacetone,  and  di-tert-butylcarbinol. 
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INVESTIGATIONS  IN  THE  FIELD  OF  LIPIDS 
V.  SYNTHESIS  OF  TRIGLYCERIDES  OF  PLANT  OILS 

G.  A.  Vorob'eva,  I.  K,  Sarycheva,  and  N.  A.  Preobrazhenskii 
Moscow  Institute  of  Fine  Chemical  Technology 

Translated  from  Zhumal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1117-1119,  April,  1960 
Original  article  submitted  April  4,  1959 


In  previous  communications  [1,  2]  we  have  described  the  preparation  of  a  series  of  triglycerides  that  are 
components  of  a  number  of  plant  oils:  linseed,  sunflower,  soy,  palm,  etc.  In  tlie  present  communication,  we 
describe  the  synthesis  and  the  principal  physicochemical  properties  of  other  compounds  of  this  type:  a-oleyl- 
fl,a*-dilinolein  (LLO)  (I),  a-oleyl-  B,a'-dilinolenin(LnLnO)  (II),  a-linolenoyl-  0,a'-dllinolein  (LnOO)  (III), 
a-linoleyl-6-oleyl-a'-linolenin(LnOL)  (IV),  and  a-linoleyl-6-steatyl-a’-linolenin(LnSL)  (V).  The  synthesis 
was  carried  out  by  the  following  scheme. 


The  triglycerides  (I)  (LLO)  and  (II)  (LnLnO)  were  synthesized  by  the  esterification  of  a-monooleylglycerol 
(VI)  with  the  chlorides  of  linoleic  and  linolenic  acids,  respectively.  The  preparation  of  (III)  (LnOO)  was  carried 
out  in  a  similar  manner,  starting  with  a-monolinolenylglycerol  and  oleic  acid  chloride.  The  mixed  triglycerides 
(IV)  (LnOL)  and  (V)  (LnSL)  were  syntliesized  from  a-monolinoleylglycerol  (VII)  through  a-linolenyl- a*-linoleyl- 
glycerol  (IX),  which  was  reacted  with  the  chlorides  of  oleic  and  stearic  acids. 

EXPERIMENTAL 

g-Oleyl-  fl,a*-dilinolein  (1).  To  a  solution  of  12.6  g  of  a-monooleylglycerol  (VI)  (m,  p.  30-32*,  iodine 
No.  71.5:  calc.  71.2)  and  9.2  g  of  quinoline  in  60  ml  of  dry  chloroform  at  0-3*  was  added  22  g  of  linoleic  acid 
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chloride.*  The  reaction  mixture  was  heated  for  4  hours  at  58-60*  in  a  current  of  nitrogen,  then  cooled  to  12-15*, 
after  wliich  75  ml  of  ether  and  70  ml  of  5'Vn  sulfuric  acid  were  added.  The  upper  layer  tliat  separated  out  was 
removed  and  the  compound  was  extracted  from  tire  lower  layer  witlt  40  ml  of  ether.  The  combined  extract  was 
washed  witli  saturated  aqueous  sodium  bicarbonate  solution  and  dried  with  sodium  sulfate.  The  residue  after 
removal  of  tlie  solvent  was  washed  with  70  ml  of  dry'  mediyl  alcohol.  Twenty- two  and  six- tenths  grams  of 
technical  triglyceride  was  obtained  (icxline  No.  135.8).  For  further  purification,  the  material  was  subjected  to 
fractional  crystallization  from  113  ml  of  acetone.  At  —(25-20)*  the  precipitate  was  separated  out  (1.3  g). 

The  mother  liquor  was  cooled  to  —  (35-30)’.  The  crystalline  precipitate  was  separated  out  (13.3  g,  iodine  No. 
140)  and  for  final  purification  was  recrystallized  again  from  65  ml  of  acetone  at  —  40  to— 35*.  Tfield  12.4  g 

(39.79*70). 

M.  p.  -14.5  to  -13.2*,  0.9281,  n^D  1.4776,  MRp  268.60:  Calc.  268.15. 

Found  *7o:  C  77.96,  77.75;  H  11.30,  11.12.  lod.  No  141.6  CgyHiooOe  pg.  Calculated  *70:  C  77.67; 

H  11.43.1od.No.  144.0. 

a-Oleyl-  fi.cy'-dilinolenin (II).  The  synthesis  was  carried  out  under  the  conditions  used  for  the  preparation 
of  (I),  starting  with  11.5  g  of  a- monooleylglycerol  (VI)  in  55  ml  of  dry  chloroform  and  20  g  of  llnolenic  acid 
chloride,**  in  the  presence  of  9  g  of  quinoline.  The  technical  triglyceride  (27.5  g)  was  washed  with  60  ml 
of  dry  methyl  alcohol  and  a  solution  of  it  in  100  ml  of  acetone  was  filtered  through  10  g  of  activated  carbon, 
and  after  the  solvent  was  distilled  off,  20.7  g  of  material  was  obtained,  which  was  crystallized  from  103  ml  of 
acetone.  At  -  32  to  -  30*  the  precipitate  was  separated  off  (3.1  g,  iodine  No.  156.8).  Then  the  solid  phase 
(10.8  g,  iodine  No.  193.5)  was  filteicd  off  from  the  mother  liquor  at  —  60  to  —  55*  and  again  crystallized  from 
54  ml  of  acetone.  The  mother  liquor  after  removal  of  the  precipitate  (4.4  g,  iodine  No,  186.3)  was  cooled  to 

—  75  to  —  70’  and  the  triglyceride  (II)  was  obtained.  Yield  5.5  g  (19.43*70). 

M.  p.  -  16  to  -  14.3*,  d^®4  0.9301,  n^°D  1.4834,  MRq  269.60;  Calc.  267.32. 

Found  C  77.80,  77.95;  H  10.98,  10.89.  lod.  No.  200.5.  C57Hj50e  F7.  Calculated  *70:  C  78.03; 

H  11.03.  lod.  No.  202.5. 

p- Linolcnyl- fl,a*-diolein  (III).  Eleven  and  six- tenths  grams  of  p-monolinolenylglycerol  (VIll)  (d*®^ 

0.9725,  n^D  1.4878,  iodine  No.  215.3;  calc.  215.6)  was  reacted  with  21  g  of  oleic  acid  chloride  ***  in  the 
presence  of  50  ml  of  chloroform  and  9.5  g  of  quinoline.  The  reaction  mixture  was  heated  at  54-56*  for  4  hours 
in  a  current  of  nitrogen  and  after  being  cooled  to  10-15’  was  diluted  witlt  70  ml  of  ether  and  65  ml  of  5*7o 
sulfuric  acid.  The  upper  layer  that  separated  out  was  removed,  and  the  compound  was  extracted  from  tlte  lower 
layer  with  30  ml  of  ether.  The  combined  extract  was  washed  witlt  50  ml  of  saturated  aqueous  sodium  bicarbonate 
solution  and  dried  with  sodium  sulfate.  After  tlte  solvent  was  distilled  off,  27.8  g  of  technical  triglyceride  was 
obtained,  which  was  washed  with  60  ml  of  methyl  alcohol;  25.9  g  of  tlte  compound  was  subjected  to  fractional 
crystallization  from  130  ml  of  acetone.  At  —  20  to  —18’  a  precipitate  separated  out  (3.4  g,  iodine  No.  130.6). 
The  mother  liquor  was  cooled  to  —  35  to  —  30’  and  tlie  crystalline  pliase  (19.2  g)  was  removed  and  again 
crystallized  from  90  ml  of  acetone  at  —  45  to  —40°.  Yield  15.2  g  (52.40*7o). 

M.  p.  -  12  to  -  10.4’,  d“4  0.9202,  n^D  1.4770,  KlRp)  270.60;  Calc.  268.15. 

Found  *7o:  C  77.83,  77.38;  H  11.20,  11.66.  lod.No.145.4.  C57H100O6  pg.  Calculated  %;  C  77.67; 

H  11.43.  lod. No. 144.0 

g-Linoleyl-  a-oleyl- a*-linolenin  (IV).  The  starting  material,  a-linoleyl-a’-linolenylglycerol  (IX)  (m,  p. 

-  25  to  -  23.5*  and  -  5.5  to  -  4.5°,  d“4  0.9423,  n^D  1.4851,  iodine  No.  204.2;  calc.  206.4)  was  syn¬ 
thesized  from  p-linolcylglycerol  and  linolenic  acid  chloride.  Eighteen  grams  of  (IX)  was  reacted  with  10  g  of 
oleic  acid  chloride  in  die  presence  of  60  ml  of  chloroform  and  6  g  of  quinoline.  Ilie  reaction  mixture  was  heated 
at  58-60*  for  4  hours  in  a  current  of  nitrogen  and  after  treatment  as  in  the  preceding  experiments,  25.3  g  of  the 


•  B.  p.  150-152*  at  0.5  mm.  d“4  0.9317,  n^®D  1.4740,  MRq  89.56.  CjgHgiOClFj.  Calculated  89.64. 

•*  B.p.  149-150*  at  0.45  mm,  d“4  0.9301,  n^D  1.4835,  MRp,  91.35.  C18H29OCI  pg.  Calculated  89.17. 

*••  B.p.  148-150*  (0.3  mm),  d^°4  0.9147,  n^D  1.4646,  MR^  90.88.  CigHjgOClp.  Calculated  89.74. 
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technical  triglyceride  was  obtained  (iodine  No.  155.6).  The  latter  was  washed  with  60  ml  of  methyl  alcohol 
and  was  fractionally  crystallized  from  120  ml  of  acetone.  Tlie  mother  liquor,  after  preliminary  removal  of  tlie 
solid  fractions  at  -  35  to  —30*  (iodine  No,  145.5)  and  —  40  to  —  35*  (iodine  No.  162.3).  was  cooled  to  —60 
to  -  55*.  The  triglyceride  obtained  in  this  way  was  further  purified  by  passing  an  edier  solution  of  it  (1 :10) 
through  a  column  with  50  g  of  aluminum  oxide  and  10  g  of  activated  carbon.  Yield  6  g  (23.31  *7o). 

M.  p.  -29  to  -28*.  d“4  0.9367,  n^°D  1.4802,  MR^  266.80;  calc.  267.59. 

Founder  C  77.85,  78.07;  H  10.94,  10.93.1od.No.  171.4.  CgTHjgOg  p^.  Calculated  <7o;  C  77.85; 

H  11.23.  lod.  No.  173.2. 

g-Linoleyl-  6-stearyl-a*-linolenin (V).  From  17.5  g  of  (IX)  and  9.5  g  of  stearic  acid  chloride  in  55  ml  of 
chloroform  in  the  presence  of  5.2  g  of  quinoline  was  obtained  20.1  g  of  technical  triglyceride  (V).  To  further 
purify  tlie  material  it  was  recrystallized  from  100  ml  of  acetone.  The  precipitates  were  separated  off  successively 
at  —  12  to  —  10*  and  —  20  to  —  18*.  The  compound  separated  from  the  mother  liquor  (iodine  No.  157)  was 
recrystallized  from  acetone  at  —  60  to  —  55*  and  an  ether  solution  of  it  (1  ;10)  was  filtered  throu^  a  column 
with  45  g  of  aluminum  oxide.  Yield  3.2  g  (12,75%). 

M.  p.  -  27  to  -26*  and  -10  to  -8.5*,  d^°4  0.9239,  n*®D  1.4793,  MRq  270.7;  calc.  268.15. 

Found  %:  C  77.89,  77.97;  H  11.04,  11.19.  lod.  No.  145.6.C57Hioo06  pg.  Calculated  %:  C  77.67; 

H  11.43.  lod.  No.  144.0. 


SUMMARY 

1.  a-Oleyl- fl,a*-dilinoleln;  a-oleyl- 6,a*-dilinolenin;  a-linolenyl-6 -ot'-diolein;  a-linoleyl-B -oleyl- 
a*-linolenin;  and  a- linoleyl-0 -stearyl- a'- linolenin  have  been  synthesized. 

2.  In  the  course  of  tlie  synthesis,  along  with  the  principal  compounds  (triglycerides  that  are  components 
of  a  number  of  plant  oils)  due  following  monoglycerides  were  isolated  and  characterized  by  their  physico¬ 
chemical  constants:  a-oleylglycerol,  a-linolenylglycerol,  and  also  the  diglyceride  a-Iinolenyl-a*-linoleyl- 
glycerol. 
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The  main  intermediate  product  in  the  synthesis  of  the  alkaloid  cocaine  is  the  methyl  ester  of  tropanone-3- 
carboxyIic-2  acid  (1).  In  our  previous  communications  [1,  2J  we  have  described  a  metliod  of  preparing  tliis  ester 
tliat  is  based  on  tlie  condensation  of  succinic  dialdehyde  (II)  witli  methylamine  hydrochloride  (III)  and  the  dl- 
potassium  salt  of  the  monomethyl  ester  of  acetonedicarboxylic  acid  (IV).  This  route  was  proposed  by  Willstatter, 
et  al.  [3J  In  1932. 


CM2-CHO  CM— COOCH3 

I  +NII2CH3.  IICI  f  II 

CHa-CHO  C-OK 

I 

CII2-COOK 

(11)  (HI)  (IV) 


Cn2-CH— CH-COOCH3 

I  I 

NCH3C=0 
I  I 

CII2-CII— CHz 
(1) 


However,  wide  use  of  the  reaction  has  been  hindered  by  tlie  absence  of  suitable  methods  for  the  synthesis 
of  succinic  dialdehyde  (11).  It  became  practicable  only  in  recent  years,  when  Clauson-Kaas  [4,  5]  and  other 
authors  [6,  7J  suggested  furan  (V)  as  a  raw  material  for  the  synthesis  of  succinic  dialdehyde.  In  the  literature 
a  whole  scries  of  methods  is  described  for  the  preparation  of  succinic  dialdehyde  (II).  Most  of  the  methods  ate 
mainly  of  theoretical  interest,  because  of  tlie  low  yields,  experimental  difficulties,  or  the  absence  of  available 
taw  materials,  while  tlie  preparation  of  succinic  dialdehyde  from  furan  is  rather  simple  and  can  be  employed 
in  practice.  Furan  (V)  at  low  temperatures  [6]  reacts  with  chlorine  (or  bromine)  and  alcohol  to  give  2,5-dlalkoxy- 
2,5-diliydrofuran  (VI).  It  is  reduced  to  2,5-dialkoxytetrahydrofuran  (VII),  which  can  be  considered  as  a  cyclic 
acetal  of  succinic  dialdehyde  and  from  which  succinic  dialdehyde  (II)  is  obtained  by  acid  hydrolysis.  In  the  in¬ 
vestigations  tliat  have  been  published  on  this  problem  [1,  2,  4,  5,  7J,  yields  of  55  to  80^o  were  obtained  for  the 
stage  of  the  preparation  of  (VI),  but  no  other  reaction  products  were  mentioned.  Only  Clauson-Kaas  [5j  states 
that  in  die  vat  residue  after  distillation  of  tlie  2,5-dialkoxy-2,5-diliydrofuran  (VI)  he  found  a  small  amount  of  a 
material  that  was  identified  In  the  form  of  the  bis-semlcarbazone  as  the  acetal  of  maleic  dialdehyde  (Vlll).  The 
possibility  of  breaking  tlie  furan  ring  with  a  nietliaiiol  solution  of  hydrogen  chloride  by  heating  in  sealed  tubes 
was  described  by  Harries  [8J,  who  obtained  In  this  way,  however,  tlie  acetal,  not  of  maleic  dlaldehyde  (VIIl), 
but  of  succinic  dlaldehyde  (IX). 

Taking  into  account  die  technological  difficulties  of  carr)’ing  out  low- temperature  processes,  we  studied 
die  methoxylation  reaction  at  temperatures  from  —  40  to  —  35*  to  —  12  to  —  10*  and  found  that,  besides  the 
already  well-known  reaction  of  formation  of  2,5-dlmethoxy-2,5-dihydrofuran  (VI),  we  observed  the  formation 
of  products  that  originated  from  the  opening  of  die  furan  ring  by  acid  agents.  Thus,  we  Isolated  the  methyl 
diacetal  of  maleic  dlaldehyde  (Vlll)  and  some  halogen- containing  products  and,  in  contrast  to  Harries  [8], we 
showed  that  the  formation  of  (IX)  can  go  not  in  one  stage,  but  through  the  compound  (Vlll),  which  contains  a 
double  bond. 


1137 


(VIJI)  (IX) 

Carrying  out  the  meihoxylatlon  at  -  12  to  -  10*  leads  to  opening  of  the  furan  ring  and  formation,  along 
with  the  cyclic  acetal  (Vi),  of  tlie  open  acetal  (VllI).  For  example,  at  -40  to  —35*  only  2,5-dimethoxy-2,5- 
dihydrofuran  is  formed,  but  at  -  12  to  —10*  we  obtained  14.9*70  of  2,5-dimethoxy-2,5-diltydrofuran  (VI)  and 
44.2*70  of  the  methyl  diacetal  of  maleic  dialdehyde  (VllI).  In  the  case  of  methoxylation  at  0*,  a  larger  amount 
of  high- boiling  materials  containing  halogen  was  observed  and  we  did  not  succeed  in  isolating  compound  (VI). 

In  addition  to  temperature,  the  concentration  of  the  reacting  compounds  plays  an  important  role  in  the 
alkoxylation  reaction,  since  when  the  volume  of  the  reaction  mixture  is  decreased  and  the  concentration  of  the 
acid  halide  is  increased  the  reaction  is  too  violent  and  leads  to  opening  of  the  ring.  The  use  of  increased  amounts 
of  alcohol  or  other  solvents  permits  carrying  out  the  alkoxylation  at  —12  to  —10"  and  avoiding  the  formation  of 
halogenated  products. 

The  methyl  diacetal  of  maleic  dialdehyde  (VIII)  was  hydrogenated  in  tlie  presence  of  Raney  nickel  at  a 
pressure  of  5-7  atm.  The  yield  of  tlie  methyl  diacetal  of  succinic  dialdehyde  was  90.9*70.  The  diacetal  of 
succinic  dialdehydc  (IX)  that  was  obtained  was  condensed  with  methylamine  hydrochloride  and  the  dlpotassium 
salt  of  the  monometliyl  ester  of  acetonedicarboxylic  acid  in  the  presence  of  acetate  buffet  and  the  methyl  ester 
of  tropanonc- 3- carboxylic- 2  acid  (I)  was  obtained. 

We  also  investigated  the  electrochemical  alkoxylation  of  furan  in  the  presence  of  ammonium  bromide 
(chloride)  in  alcohol  medium  under  different  conditions.  The  2,5-dialkoxytetrahydtofuran  and  the  diacetal  of 
succinic  dialdehyde  that  were  obtained  proved  to  be  identical  with  those  synthesized  by  chemical  methods. 


EXPERIMENTAL 

1.  2,5-Dimetlioxy-2,5-dihydrofiiran  (VI,  R  =  CH3).  a)  Seventy  grams  of  dry  chlorine  was  passed,  in  the 
course  of  1  hour,  witli  stirring,  into  a  solution  of  68  g  of  furan  in  630  ml  of  anliydrous  methyl  alcohol  and  630  ml 
of  dry  methylene  chloride  cooled  to  —  40*  to  —35*,  or  else  159.9  g  of  bromine  dissolved  in  630  ml  of  dry 
methylene  cooled  to  —  40*  was  added  dropwise  to  the  furan  solution,  in  which  case  the  furan  was  dissolved  in 
630  ml  of  anhydrous  methyl  alcohol.  The  addition  was  made  at  such  a  rate  that  the  temperature  of  the  reaction 
mixture  did  not  exceed  -  25*.  After  30  minutes  stirring  at  the  same  temperature  a  current  of  dry  ammonia  was 
passed  in  until  a  pH  of  8  was  reached.  After  the  neutralization  was  completed,  tlie  precipitate  that  had  separated 
out  was  filtered  off  and  washed  witli  methylene  chloride  (3  times  witli  50  ml  portions).  The  residue  after  the 
solvent  was  distilled  off  (127.8  g)  was  distilled.  The  product  was  a  colorless  liquid,  readily  soluble  in  ether, 
benzene,  chloroform,  and  other  organic  solvents.  Yield  90.1  g  (69.3*70). 

B.p.  39-41*  (4  mm),  1.0697,  n^D  1.4349,  n®D  1.4325,  MRp  31.74;  calc.  32.17. 

Found  *70:  C  55.51;  H  7.86.  CjHioOj.  Calculated  *70:  C  55.37;  H  7.74. 

b)  The  compound  was  prepared  in  a  similar  manner  with  the  difference  that  the  alkoxylation  was  carried 
out  in  anhydrous  methyl  alcohol.  Yield  93.9  g  (72.2^o). 

B.p.  35-37*  (3  mm),  39-42*  (4  mm),  60-62*  (15  mm),  d*®^  1.0684,  n^°D  1.4347,  n®D  1.4325, 
MRd  31.76;  calc.  32.17. 

2.  Methyl  diacetal  of  maleic  dialdehyde  (VllI,  R  =  CH3).  A  solution  of  159.9  g  of  bromine  in  700  ml  of 
anhydrous  methyl  alcohol  cooled  to  —  15*  was  added  dropwise,  with  stirring,  to  a  solution  of  68  g  of  furan 
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(b.  p.  31.5-32*  at  756  mm,  0.934,  n^D  1.4200)  in  500  ml  of  anhydrous  methyl  alcohol  cooled  to  —12*. 
The  addition  was  made  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  exceed  -10  to -8* 
(about  1  hour).  After  20  minutes  stirring  at  tlie  same  temperature,  a  current  of  dry  ammonia  was  passed  Into  the 
reaction  mixture  until  the  pH  reached  8  (about  1  hour).  Tlie  methyl  alcohol  was  distilled  off  at  20-25*  in  a 
vacuum  of  20-25  mm.  The  precipitate  that  had  separated  out  was  filtered  off  and  washed  with  290  ml  of 
methylene  chloride.  The  residue  after  the  solvent  was  distilled  off  was  distilled.  Two  fractions  were  obtained: 

1st  -  2,5-dimethoxy-2,5-dihydrofutan,  yield  19.4  g  (14.9 ‘7o),  b.  p.  34-45*  (3  mm),  68-75*  (15  mm);  2nd — 
methyl  diacetal  of  maleic  dialdehyde,  yield  74.8  g  (44.2'7o).  The  latter  product  was  a  colorless  liquid,  readily 
soluble  in  etlicr,  benzene,  chloroform,  and  other  organic  solvents. 

B.p.  53-58*  (3  mm),  88-90*  (15  mm),  1.0102,  n*®D  1.4292,  MRp  44.99;  calc.  45.25. 

Found  <7o:  C  54.67,  54.77;  H  9.32,  9.31;  OCH3  70.37.  C8H„04.  Calculated  <70:  C  54.52;  H  9.15; 
OCH3  70.44. 

3.  Methyl  diacetal  of  succinic  dialdehyde  (IX,  R  =  CH3).  Twenty- five  grams  of  the  methyl  diacetal  of 
maleic  dialdehyde  was  hydrogenated  in  the  presence  of  6  g  of  Raney  nickel  catalyst  at  room  temperature  and 
atmospheric  pressure  witli  mechanical  stirring.  After  3.3  liters  of  hydrogen  had  been  absorbed  in  about  3.5  hours 
(3,32  liters  of  hydrogen  is  required  for  25  g  of  tlie  methyl  diacetal),  the  catalyst  was  filtered  off  and  washed  with 
10  ml  of  anliydrous  metliyl  alcohol.  The  residue  after  tlie  solvent  had  been  distilled  off  was  distilled.  The 
product  was  a  colorless  liquid,  readily  soluble  in  ether,  toluene,  chloroform,  and  otlier  organic  solvents.  Yield 
23  g  (90.9<7o). 

B.  p.  77-79*  (9  mm),  0.9375,  n^D  1.4153,  MRj)  45,22;  calc.  45.71. 

Found  C  53.65,  53.73;  II  9.86,  10.14;  OCH3  69.97.  C8H18O4.  Calculated  C  53.91; 

H  10.18;  OCII3  69.65. 

Diphcnylhydrazone  of  succinic  dialdchydc.  Four  and  two-tenths  ml  of  hydrochloric  acid  (d  1.18)  and 
46  ml  of  water  were  lieated  to  80*,  6  g  of  the  mediyl  diacetal  of  succinic  dialdehyde  was  added,  and  the 
mixture  was  stirred  at  80  *  for  20  minutes.  The  mixture  was  cooled  and  the  volume  brought  to  60  ml,  10  ml 
of  die  solution  was  neutralized  with  potassium  carbonate  solution  (at  0*)  and  1.3  g  of  phenylhydrazine  in  20  ml 
of  water  was  added.  Several  drops  of  acetic  acid  were  added.  Yield  1.4  g  (93.8%).  M.  p.  114-115*  (from 
alcohol). 

Found  %:  N  21.46.  Ci6Hi8N4.  Calculated  %:  N  21.03. 

4.  Mediyl  ester  of  tropanonc- 3- carboxylic- 2  acid  (1).  To  90  ml  of  1  N  hydrochloric  acid,  heated  to  80*, 
was  added  11  g  of  die  mediyl  diacetal  of  succinic  dialdehydc  and  the  mixture  was  stirred  at  the  same  temperature 
for  20  minutes.  The  reaction  mixture  was  cooled  rapidly  to  0*,  after  which  there  were  added  to  it  in  succession 
20.3  g  of  die  dipotassium  salt  of  die  monomethyl  ester  of  acetonedicarboxylic  acid  (IV),  65  ml  of  12%  aqueous 
sodium  acetate  solution,  and  5.8  g  of  mediylamine  hydrochloride  (111).  The  mixture  obtained  was  stirred  at  30* 
for  4  hours.  The  reaction  mixture  was  cooled  to  0*,  saturated  with  80  g  of  potassium  carbonate,  and  extracted 
widi  benzene  (4  times  widi  80  ml  portions).  The  residue  after  the  solvent  was  distilled  off  was  distilled.  Yield 
7.2  g  (59.2%).  B.  p.  92-95*  (0.3  mm),  m.  p.  101-103*. 

Found  %:  C  60.62;  H  7.54;  N  6.95.  C10H15O3N.  Calculated  %:  C  60.87;  H  7.66;  N  7.09. 


SUMMARY 

1.  The  action  of  chlorine  (bromine)  and  methyl  alcohol  on  furan  has  been  studied  and  it  has  been  shown 
that  carrying  out  the  reaction  at  —  40  to  —  35*  leads  to  die  formation  of  2,5-dimedioxy-2,5-dihydtofuran,  but 
at— 12  to— 10*  the  reaction  proceeds  with  the  opening  of  the  ring  and  die  formation  of  die  methyl  diacetal 

of  maleic  dialdehyde;  at  a  higher  temperature  a  mixture  of  high- boiling  materials  containing  halogen  is  produced. 

2.  The  hydrogenation  of  the  methyl  diacetal  of  maleic  dialdehyde  to  the  methyl  diacetal  of  succinic 
dialdehyde  has  been  carried  out. 
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3.  A  metliod  has  been  developed  for  the  synthesis  of  die  methyl  ester  of  tropanone-3-carboxyllc-2  acid 
from  the  diacetal  of  succinic  dialdehyde,  metliylamine  hydrochloride,  and  the  dipotassium  salt  of  the  mono¬ 
methyl  ester  of  acetonedicarboxylic  acid. 
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INVESTIGATIONS  IN  THE  FIELD  OF  SULFONES  AND  SULFOXIDES 


I.  VINYL  ETHYL  SULFONE,  ITS  SYNTHESIS  AND  SOME  CONVERSIONS 

M.  F.  Shostakovskii,  E.  N.  Prilezhaeva,  V,  A.  Azovskaya, 
and  G.  V.  Dmitrieva 

Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences  of  the  USSR 

Translated  from  Zhurnal  Obshchei  Kliimii,  Vol.  30,  No.  4,  pp.  1123-1130,  April,  1960 

Original  article  submitted  June  22,  1959 

Vinyl  sulfones  have  an  active  double  bond,  which  readily  adds  reagents  of  the  type  HX  (alcohols,  mer- 
captans,  amines,  water,  etc.)  under  the  influence  of  various  alkaline  catalysts  to  form  products  in  which  the 
nucleophilic  group  X  goes  on  to  tire  end  carbon  atom  of  tlie  double  bond.  A  large  part  of  die  reactions  are 
described  in  patents  and  in  examples  cidier  of  divinyl  sulfone  [1]  or  of  substituted  aryl  vinyl  sulfones,  and 
particularly  of  the  higher  members  of  die  alkyl  vinyl  sulfones  [2].  The  reactions  of  the  lower  alkyl  vinyl  sulfones 
liave  received  very  little  study.  It  has  been  reported  [3j  diat  vinyl  methyl,  butyl,  and  isobutyl  vinyl  sulfones  in 
alkaline  medium  readily  add  nitroparaffins.  Vinyl  mediyl  sulfone  undergoes  condensation  of  the  Mikhaelev  type 
witli  compounds  having  an  active  mediylene  group  [4J,  and  vinyl  ediyl  sulfone  reacts  with  thiols  in  the  presence 
of  rriediylamine  [5].  It  is  known  that  vinyl  mediyl  sulfone  [G]  (in  contrast  to  the  substituted  vinyl  aryl  sulfones 
[7J)  readily  eaters  into  a  diene  condensation  widi  cyclopentadiene,  butadiene,  methyl-  and  dimediylbutadicne. 
There  are  indications  (patent)  of  water- emulsion  polymerization  and  joint  polymerization  of  alkyl  vinyl  sulfones 
in  die  presence  of  salts  of  peracids  with  die  formation  of  substances  useful  as  auxiliary  agents  in  die  textile  in¬ 
dustry,  and  also  as  benzene- resistant  rubbers  [3].  In  the  case  of  condensation  in  die  presence  of  alkaline  agents 
widi  mediylene  groups  in  dieir  molecules,  oily  or  rubbery  polymers  are  produced  [9].  Price,  et  al.  [10],  found 
diat  in  die  presence  of  benzoyl  peroxide  die  vinyl  mediyl  and  phenyl  sulfones  show  a  low  monomer  activity  in 
joint  polymerization  reacdons  with  vinyl  acetate  and  styrene. 

From  the  existing  data,  it  is  difficult  to  form  a  clear  picture  of  the  reaedvity  of  the  lower  vinyl  alkyl 
sulfones  (for  which  these  rules  should  emerge  especially  clearly)  under  conditions  of  initiation  bodi  by  ions 
and  by  free- radical  initiators.  The  present  investigation  was  begun  for  die  purpose  of  filling  diis  gap  and  vinyl 
ediyl  sulfone  was  selected  as  the  starting  material.  We  synthesized  it  by  the  dehydration  of  2-hydroxydiethyl 
sulfone  (I)  over  phosphoric  acid  at  260-270’  in  vacuo,  i.e.,  under  die  conditions  recently  suggested  for  the  prep¬ 
aration  of  divinyl  sulfone  from  8  ,8 '-dihydroxydiethyl  sulfone  [11]. 

IIOCH2CH2SC2H5  HOGHaCUsSOoCoHr,  CH2=CHS02C2ll5 

(I)  (II) 

This  method  makes  it  possible  to  obtain  a  rather  high  yield  (70-75*70)  of  pure  vinyl  ediyl  sulfone  (II)  without 
any  contamination  by  sulfoxides.  *  In  diis  respect,  it  is  considerably  more  convenient  dian  die  method  of  synthesis 

•  If  the  2-hydroxydIethyl  sulfone  itself,  which  is  obtained  by  the  oxidation  of  2-hydroxydiediyl  sulfide,  contains 
die  corresponding  sulfoxide,  it  is  destroyed  in  the  dehydration  process. 
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based  on  the  oxidation  of  vinyl  sulfides,  in  which  It  is  difficult  to  avoid  contamination  by  vinyl  sulfoxide  [12]. 
The  dehydration  method  also  has  significant  advantages  over  the  dehydrochlorination  of  6 -chloroethyl  alkyl 
sulfones  tliat  has  frequently  been  used  by  various  authors  [1,  2a,  3,  4,  6,  10],  especially  if  we  take  into  account 
that  in  the  latter  case  toxic  semi- mustard  gases  are  used  as  starting  materials. 

iiocii2(:ii2SK  — (:K:ii2(:ii2^h  CKiiiaCnaSOaH  cn2=CHS02R- 


For  the  initiation  of  ionic  reactions  of  vinyl  etltyl  sulfone  (II)  we  used  Triton  B.*  Under  its  influence  the 
addition  of  various  reagents  is  accomplished  especially  easily,  in  most  cases  quantitatively  and  with  a  consider¬ 
able  elevation  in  temperature. 


r^M-SOaCIlaClIaSr^ll-,  (III) 
(  2Ur,S02r,II=ai2<"  r^llsSOaCMaaizOCalls  (IV) 

(U)  C2U5SO2CII2CII2OM  (I, 


These  reactions  apparently  have  an  anion- chain  mechanism.  The  addition  products  are  formed  in  high 
yields  if  the  catalyst  is  introduced  into  an  equimolar  mixture  of  tlie  starting  materials.  If,  however,  the  catalyst 
is  Introduced  into  previously  cooled  compound  (II)  and  the  second  reagent  is  then  added  to  it,  a  considerable 
amount  of  a  low-molecular  polymer  of  (II)  is  formed  along  witli  the  addition  product.  We  showed  in  a  special 
experiment  that  Triton  B  produces  quantitative  polymerization  of  (II)  at  room  temperature  in  20  hours.  The 
rules  that  have  been  mentioned  can  be  explained  by  the  competition  in  the  anion- chain  process  between  tlie 
polymerization  and  the  addition  reactions  according  to  tlie  equations: 


(f’llalsN^.HafVI.-,  +  Cll2--CllS02r,2lI.-,  UOCIIaCMSOjCaUs  -f  (Cn3)3Nr,H2C8llr, 
Oil  (initiation  of  polymerization) 

(Cn3)3^»2i;;ii5-1-Iix  ->  ((:M3)3i^’CIl2(Vl5  +  Il20  +  X- 
011  (formation  of  ion-  initiator  for  addition) 


HOCHilTlSOaC’^sHs  -f-  Cll2=(:MS0202nr,  llOCIIa— Oll-CllaaiSOar^llr,  (etc.) 

(growth  of  polymerized  chain)S02(’2ll5 
H01Cn2CH(S()2C2ll3)ln(:il2'TriS()2(’-2M.r,  -f  II  \  — 

-♦  iio(Cii2Cii(S()2(;2iir,)!nr:ii20iusooC..ji-.  -i-  x- 

(interruption  of  polymerization  with  simultaneous 
formation  of  ion- initiator  for  addition) 

x--f  cii2=(di&02C^n5  -♦  xciiT^^nsozr-aiis 

(initiation  of  addition) 

Xr.H.2(TlS02(;2ll5+ IIX  ->  XCH2CIl2S02(.2ll5  4- X-  (etc.) 
(anion-chain  addition) 


We  may  cite  as  an  example  the  addition  of  tliiophenol.  When  the  catalyst  was  introduced  into  an  equimolar 
mixture  of  the  reagents,  90-95%  of  l-ethylsulfonyl-2-phenylmcrcaptocthanc  (ill)  was  formed,  but  when  the, 
reaction  was  carried  out  by  the  second  metliod,  up  to  25%  of  tlie  trimer  (II)  was  obtained  along  with  70%  of  (III). 


It  is  interesting  to  compare  tliese  results  witli  the  data  of  Karasch  [14],  who  found  that  when  he  added 
mercaptans  to  methyl  acrylate  in  tlie  presence  of  Triton  B  there  was  quantitative  formation  of  addition  products; 
in  the  presence  of  free- radical  initiators  (ascarldol,  light)  a  mixture  of  telomeric  compounds  was  formed.  The 
different  behavior  of  the  systems  acrylate  —  mercaptan  and  sulfone  —  mercaptan  is  associated,  apparently,  with 


•  After  we  had  completed  most  of  our  experiment,  the  use  of  Triton  B  as  a  catalyst  for  addition  of  ethyl  mercaptan 
to  vinyl  ethyl  sulfone  was  reported  in  tlie  literature  [13j. 
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the  fact  that  tJte  vinyl  sulfonc  molecule  enters  into  anion  polymerization  considerably  more  readily  and  into 
free- radical  polymerization  with  more  difficulty  dian  the  acrylate  molecule. 

In  free- radical  addition  reactions  we  have  not  yet  succeeded  in  achieving  appreciable  activity  of  the  vinyl 
sulfone  molecule.  When  an  equimolar  mixture  of  tliiophenol  and  (II)  stood  in  the  air  for  3  weeks  or  was  heated 
for  a  long  time  in  tlie  presence  of  azoisobutyrodinitrile,  tliere  was  practically  no  formation  of  addition  products 
(while,  for  example,  vinyl  alkyl  sulfides  form  addition  products  with  mercaptans  witli  spontaneous  evolution  of 
heat  upon  simply  being  mixed  in  the  air  [15j).  Prolonged  heating  of  (11)  in  tlte  presence  of  free-radical  initiators 
leads,  however,  to  the  formation  of  considerable  amounts  of  polymers  (see  table). 


Polymerization  of  Vinyl  Ethyl  Sulfone  (60*,  60  hours) 


Yield  of 

n*®D  of 

Solubility  of  Poly 

'mer 

Initiator  (%) 

polymer 
(in  <7o) 

polymer 

water 

C2H5OH 

C6H« 

petroleum 

ether 

Azoisobutyrodinitrile, 

0.2 

63.6 

1.5068 

+ 

+ 

— 

- 

Benzoyl  Peroxide,  0.2 

59.3 

1.5005 

+ 

+ 

- 

- 

15.4 

1.4650 

+ 

+ 

— 

Slight 

Finally,  we  investigated  tlie  behavior  of  (II)  in  the  diene  synthesis  and  were  convinced  of  its  very  high 
dienopltilic  activity.  Thus,  with  cyclopentadiene  it  readily  formed  2-bicyclo(2.2.1Jhepten-5-yl  ethyl  sulfone 
(V)  (quantitative  yield,  reaction  accompanied  by  spontaneous  evolution  of  heat). 


0  •  rr 


In  this  process  not  even  traces  of  products  of  furtlier  condensation  at  the  bicyclohcptene  double  bond  were 
formed.  At  higher  temperatures,  however,  tliis  double  bond  also  may  be  utilized.  Thus,  with  hexachlorocyclo- 
pentadiene  the  compound  2-ethylsulfonyl-5,6,7,3,10,10-hexachloro-l,4,5,8-dlendometltylen-l,2,3,4,4a,5,8,8a- 
octahydronaphthalene  (VI)  was  produced  (yield  50 ‘^c). 


K  •  wr 


Witli  hexachlorocyclopentadiene  and  chloroprcne. compound  (II)  also  readily  formed  the  corresponding 
adducts  (VII)  and  (Vlll)  (yields  82  and  65*70,  respectively). 


Oa^i  -‘cW: 


Cl 

IPj-SOiCjH, 
CIn/  (VIII) 


In  the  latter  case,  apparently  in  a  manner  similar  to  other  diene  condensations  of  chloroprcne  [16],  the 
predominant  product  was  ethyl-4-chloro- A^'^-cyclohexenyl  sulfone  (VIII).  We  proved  this  by  the  aromatization 
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of  tlie  adduct  obtained  by  brominating  it  with  N-bromosucciiiimidc  and  subsequently  dehydrating  in  pyridine, 
as  described  in  die  literature  for  die  dehydration  of  other  cyclohexene  systems  [17,  18],  The  product  obtained 
did  not  give  any  depression  in  melting  point  with  known  p-chlorophenyl  ethyl  sulfone  syndiesized  from  p-chloro' 
bromobenzene. 


/\_ 


Cl 


Cl' 


SO,C,Il5 


-f  Nl  h  S 


\/ 


4-  Me  k  S-fCillonr 


Hr 

Cl,  , 

(tX) 

t  n,02 

C1I3C0011 


\/ 

Br 


Cl 


SCjllj 


(X) 


All  the  adducts  of  die  bicycloheptene  series  have  C=C  frequencies  corresponding  to  these  systems  in  the 
Infrared  spectra  and  the  Raman  spectra. 

The  data  presented  here  indicate  that  die  SOj  group  is  a  strong  electron-drawing  group  which  activates 
the  double  bond  both  in  reactions  of  the  anion  type  and  in  such  conversions  as  die  diene  synthesis,  where  the 
high  polarity  of  die  double  bond  favors  die  conversion.  Reactions  of  a  free-radical  nature  apparently  are  not 
very  characteristic  of  diis  class  of  compounds. 


EXPERIMENTAL 

2-llydroxydiediyl  sulfone  (I).  To  106.2  g  (l  mole)  of  2-hydroxydiediyl  sulfide  (b.  p.  79-80"  at  15  mm, 
n*®D  1.4252)  containing  2%  of  HsPO^  was  added  236  ml  of  29.4%  H2O2  (2.02  moles)  at  such  a  rate  that  the 
temperature  of  the  reaction  mixture  did  not  exceed  70",  after  wliich  die  solution  was  refluxed  until  diere  was  a 
negative  test  for  die  presence  of  peroxide.  The  water  was  distilled  off  in  vacuum  and  the  residue  crystallized 
upon  cooling.  The  yield  of  (I)  was  quantitative,  138.2  g.  White  hygroscopic  crystals  with  m.  p.  42.5-43"  (from 
ediyl  acetate);  the  product  did  not  distill  without  decomposition  under  a  vacuum  of  3  mm. 

Found  %:  C  34.76;  H  7.46:  S  22.94.  C4H10O3S.  Calculated  %:  C  34.76;  H  7.49:  S  23.20. 

Dehydration.  Seventy  grams  of  crystalline  H3PO4  was  placed  in  a  500- mi  three- necked  flask  fitted  widi  a 
dropping  funnel,  thermometer,  capillary,  a  headpiece  connected  with  a  descending  condenser,  and  refrigerated 
traps.  The  acid  was  freed  of  water  by  heating  to  300"  at  15-20  mm;  the  fused  material  was  cooled  to  270"  and 
to  it  was  slowly  added  112  g  of  melted  (1)  (b.  p.  270-280"  at  10-12  mm).  The  reaction  was  carried  out  in  a 
current  of  nitrogen.  From  the  homogeneous  mixture  of  vinyl  ethyl  sulfone  (II)  and  water  that  was  obtained,  the 
latter  was  distilled  off  in  vacuum  and  the  residue  was  dried  over  Na2S04  and  distilled.  Yield  of  (II)  83.7  g 
(74.7%),  b.  p.  97-98"  at  5  mm,  n^D  1.4640,  d“4  1.1457.  (The  constants  agreed  with  the  literature  data  [2]). 
The  absence  of  a  characteristic  maximum  at  247  mp  in  the  UV  spectrum  [12]  indicated  that  the  (II)  did  not  con¬ 
tain  any  traces  of  sulfoxide. 

l-Ethylsulfonyl-2-phenylmercaptoethane  (111),  a)  To  a  mixture  of  3.3  g  (0.0275  mole)  of  (II)  and  3  g 
(0.0275  mole)  of  thiophenol  was  added  one  drop  (0.03  g)  of  Triton  B  in  the  form  of  a  40%  aqueous  solution. 

The  temperature  immediately  began  to  rise  sliarply.  The  reaction  mixture  was  cooled  with  ice  water  and  left 
for  3  hours  at  room  temperature.  On  distillation,  5.9  g  (90.1%)  of  (III)  was  obtained  with  b.  p.  124-125"  at 
0.04  mm,  n^°D  1.5751;  after  cooling  with  dry  ice  the  compound  crystallized  in  slightly  hygroscopic  crystals 
with  m.  p.  39-40"  (from  heptane);  in  [5]  the  m.  p.  36-38"  is  given. 

Found  %;  C  52.05;  H  6.02;  S  27.68;  C10H14O2S.  Calculated  %:  C  52.14;  H  6.12;  S  27.90. 

b)  To  6  g  (0.05  mole)  of  (II),  cooled  witli  ice  and  salt,  was  added  0.15  g  of  a  40%  aqueous  solution  of 
Triton  B  (abrupt  darkening  and  rise  in  temperature  to  +  15"),  and  then,  witli  the  temperature  of  the  mixture 
not  higher  than  35-40",  5.5  g  (0.05  mole)  of  thiophenol  was  added  drop  by  drop.  The  viscous,  light  yellow 
product  was  heated  for  2  hours  at  45-50".  The  next  day,  distillation  yielded  8.1  g  (70.2%)  of  (111)  with  b.  p. 
128-130"  at  0.05  mm  and  2.0  g  of  a  compound  with  b.  p.  184-186"  at  0.04  mm,  n^D  1.5213,  soluble  in 
benzene,  and  solidifying  to  a  glassy  mass  upon  cooling  with  dry  ice. 
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Found  '7o:  S  25.75.  M  340.  CjoHzoOgSz.  Calculated  S  25.40.  M  378.5. 

c)  To  a  mixture  of  4.5  g  (0.0412  mole)  of  thiophenol  and  5.0  g  (0.041  mole)  of  (II)  was  added  several 
rng  of  azoisobutyrodinitrllc  and  the  mixture  was  heated  in  a  sealed  ampoule,  previously  blown  out  with  nitrogen, 
for  18  hours  on  a  boiling  water  bath.  After  tJie  unrcacted  products  had  been  distilled  off,  0.5  g  (5*70)  of  (III) 
was  obtained  widi  b.  p.  124-125"  at  0.05  mm,  m.  p.  39-40",  which  gave  no  depression  in  melting  point  with 
the  product  obtained  in  the  presence  of  Triton  B. 

l-F.tliyIsulfonyl-2-etlioxyethane  (IV).  To  3  g  (0.025  mole)  of  (II)  dissolved  in  3  ml  of  anhydrous  ethanol 
was  added  one  drop  of  Triton  B.  Tlie  temperature  rose  sharply,  tlie  reaction  mixture  was  cooled  witlt  cold  water 
and  left  overniglit.  Tire  next  day,  distillation  yielded  3.8  g  (90.6*70)  of  (IV). 

B.  p.  125-128"  at  4  mm,  n^°D  1.4518,  d^®^  1.1142,  MRp  40.2;  calc.  40.13. 

Found  *7o:  C  43.40:  11  8.41;  S  19.30.  C6H14O3S.  Calculated  <7o:  C  43.49;  H  8.49:  S  19.29. 

Hydration  of  (II).  To  3  g  (0.025  mole)  of  (II)  dissolved  in  50  ml  of  water  was  added  3  drops  of  catalyst. 

The  reaction  mixture  was  heated  for  4  hours  at  80-90",  after  which  the  excess  water  was  evaporated  in  vacuum. 

The  residue  crystallized  upon  cooling.  Three  and  one-tentli  grams  of  (1)  (90*7>)  was  obtained.  After  recrystalUza- 
tion  from  ethyl  acetate  tire  m.  p.  was  42-43"  (no  depression  in  melting  point  with  the  starting  2-hydroxydiethyl 
sulfone).  When  the  hydration  was  carried  out  in  tire  presence  of  a  smaller  amount  of  water,  then  a  polymer  of 
(11)  was  obtained  along  with  (I). 

Polynrerization  of  (II).  a)  In  the  presence  of  Triton  B.  To  6  g  of  (II)  was  added,  at  room  temperature, 

2  drops  of  Triton  B  (l*',o  solution  or  0.4 "/o  of  active  ingredient):  tire  temperature  immediately  began  to  rise  and 
the  mixture  slowly  tliickcned.  In  20  hours  all  of  it  had  solidified  to  a  dark  brown  thick  mass.  After  the  monomer 
had  been  removed  in  a  vacuum  of  10“^  mm,  the  weight  of  tire  polymer  was  5.5  g  (90*70). 

b)  In  the  presence  of  free-radical  initiators  tl*e  polymerization  was  carried  out  in  sealed  ampoules,  pre¬ 
viously  blown  out  with  nitrogen,  in  a  tlrermostat  at  60  ±  0.1*  (60  hours).  The  polymers  were  freed  of  monomer 
by  heating  to  60"  at  10'^  mm  to  constant  weight  in  a  current  of  nitrogen.  The  properties  of  the  polymers  are 
given  in  tire  table.  The  results  of  analysis  of  the  polymer  obtained  in  the  presence  of  azoisobuiyrodinitrile  were 
as  follows; 

Found  *7o:  C  39.86;  II  6.73:  S  26.36.  (C4H802S)j^.  Calculated  *7o:  C  40.00:  H  6.60;  S  26.60. 

2-Bicyclo[2.2.1]hepten-5-yl  ethyl  sulfone  (V).  To  6  g  (0.05  mole)  of  (II)  containing  several  mg  of 
hydroquinonc  was  added  4  g  (0.05  mole)  of  freshly  distilled  cyclopentadiene.  The  temperature  slowly  rose  to 
50*  and  the  mixture  became  viscous.  After  4  days,  distillation  yielded  8.4  g  of  (V)  (90.6*70). 

B.  p.  70"  at  0.01  mm,  n^D  1.5135,  d^®^  1.1892,  KIRq  47.12;  calc.  47.45. 

Found  C  58.14;  II  7.78:  S  17.43.  CjII^OzS.  Calculated  *7o:  C  58.02;  H  7.57;  S  17.21. 

In  die  IR  spectrum  characteristic  frequencies  were  found  for  the  sulfone  group  at  1140  cm"^  (Intense)  and 
for  the  bicyclohcptenc  double  bond  at  1570  cm"^  (weak),  and  in  die  Raman  spectrum  an  intense  frequency  of 
1570  cm”^  was  found.  * 

(V)  under  the  usual  conditions  [7j  gave  a  hydrotriazole  with  phenyl  azide,  which  after  chromatography  in 
benzene  solution  on  AI2O3,  evaporation  of  the  benzene,  washing  of  die  oil  that  was  obtained  widi  petroleum  ether, 
and  drying,  had  a  ni.  p.  of  38-40*. 

Found  *7o:  N  13.96.  CigHjgOjNaS.  Calculated  *7o;  N  13.76. 

2-Ethylsulfonyl-5,6,7,8,l  0,10-hexachloro-l,4,5,8-diendomcthylen-l,2,3,4,4a,5,8,8a-octahydronaphthalene 
(VI).  To  15  g  (0.081  mole)  of  (V)  were  added  17.2  g  (0.081  mole)  of  freshly  distilled  hexachlorocyclopcntadiene 
and  several  mg  of  hydroquinone.  The  mixture  was  heated  at  120-130*  in  a  flask  with  a  reflux  condenser  (20  hours). 


*  All  of  the  spectra  were  determined  in  die  laboratory  of  the  Institute  of  Organic  Chemistry  by  T.  N.  Shkurina 
(deceased)  and  B.  V.  Lopatin,  for  which  die  audiors  express  dicir  dianks. 
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(VI)  was  precipitated  from  the  reaction  mixture  with  metlianol.  Yield  16  g  (49.7%);  after  recrystallization 
from  alcohol,  m.  p,  162*.  In  tire  IR  specuum  characteristic  frequencies  were  found  at  1572  and  1148  cm‘^. 

Found  %:  C  36.92;  H  2.98;  S  +  Cl  52.83.  CMHj40iSCl«.  Calculated  %:  C  36.64;  H  3.07; 

S  +  Cl  53.32. 

2-Elhylsulfonyl-l,4,5,6,7,7-hexachlorobicyclo[2.2.1]heptene-5  (VII).  Six  grams  (0.05  mole)  of  (II)  and 
13.7  g  (0.05  mole)  o7  freshly  distilled  hexachlorocyclopentadiene  were  mixed  In  a  flask  with  a  reflux  condenser. 
The  temperature  of  the  reaction  mixture  rose  to  40*.  The  mixture  was  heated  on  a  glycerol  bath  at  140-150* 

(16  hours).  After  the  first  crystallization  from  carbon  tetrachloride  16.2  g  (82%)  of  (VII)  was  obtained.  After 
repeated  crystallization  the  m.  p.  was  65-66*.  Characteristic  frequencies  were  found  in  tlie  IR  spectrum  at 
1575  and  1150  cm"^. 

Found  %;  C  27.46;  H  19.8;  S  8.25;  Cl  53.99.  C^HgOzSCl,.  Calculated  %:  C  27.5;  H  2.05; 

S  8.16;  Cl  54.12. 

Ethyl-4-chloto-A^’^-cyclohexenyl  sulfone  (VIII).  In  an  ampoule  that  had  been  blown  out  with  nitrogen 
was  placed  a  mixture  of  4.4  g  of  chloroprene  (0.05  mole),  12  g  of  (II)  (0.1  mole),  and  several  mg  of  pyrogallol. 
The  ampoule  was  heated  for  2  hours  at  140-150*  (in  a  protective  casing  ).  Upon  distillation,  6,8  g  (65.4%) 
of  (VIIl)  was  obtained  with  b.  p.  101-102*  at  0.01  mm;  the  product  crystallized  when  cooled  witli  dry  ice. 

M.  p.  59-61*  (from  water). 

Found  %;  C  46.41;  H  6.42;  S  +  Cl  32.20.  CelliaOjSCl.  Calculated  %:  C  46.03;  H  6.28;  S  +  Cl 

32.35. 

For  the  aromatization  of  (Vlll)  a  solution  of  5.5  g  of  N-bromosucclnimide,  2.8  g  of  (VIII),  and  several 
mg  of  benzoyl  peroxide  in  60  ml  of  benzene  was  refluxed  for  10  hours.  The  mixture  was  cooled,  the  succinimide 
(quantitative  yield)  was  filtered  off,  and  the  benzene  was  evaporated  in  Vacuum.  While  the  residue  was  cooled 
witli  a  mixture  of  ice  and  salt,  3.5  g  of  freshly  distilled  pyridine  (3 : 1  ratio  to  the  adduct)  was  added  carefully 
from  a  dropping  funnel.  The  darkened  mixture  was  diluted  with  ether  and  washed  with  30  ml  of  10%  HCl.  The 
edier  layer  was  separated,  washed  twice  with  saturated  sodium  carbonate  solution  and  with  water,  and  dried  with 
calcined  sodium  sulfate.  The  ether  was  distilled  off  and  the  residue  was  dissolved  in  benzene  and  chromato¬ 
graphed  on  AI2O3.  After  the  benzene  had  been  evaporated  and  the  product  had  been  crystallized  from  petroleum 
ether,  2.1  g  (75%)  of  (IX)  was  obtained  with  m,  p.  35-37*. 

Found  %:  C  46.75;  H  4.32;  S  15.67;  Cl  17.59.  CaiiPzSCl.  Calculated  %:  C  46.93;  H  4.43; 

S  15.67;  Cl  17.32. 

Confirmatory  synthesis  of  (IX).  p-Chlorophenyl  ethyl  sulfide  (X)  was  prepared  in  25%  yield  from  p- 
chlorobromobenzene  by  Bodroux's  metliod  [19j.  (X)  has  not  been  described  in  the  literature. 

B.p.  95-97*  at  3  mm,  n“D  1.5784,  d^®^  1.1688,  MR^  49.05;  calc,  48.93. 

Found  %;  C  55.57;  H  5.26;  S  18.50;  Cl  20.64.  CjHjSCl.  Calculated  %:  C  55.63;  H  5.26; 

S  18.57;  Cl  20.53. 

(X)  was  oxidized  by  the  method  of  [20].  From  2.1  g  of  (X)  in  10  ml  of  acetic  acid  and  6  ml  of  30% 
hydrogen  peroxide  we  obtained  1.8  g  (72%)  of  (IX);  after  two  recrystallizatlons  from  petroleum  ether  the 
m.  p.  was  35-37*.  The  product  gave  no  depression  in  melting  point  with  p-chlorophenyl  etliyl  sulfone  obtained 
by  the  aromatization  of  (VIII). 

Found  %;  C  47.26;  H  4.40;  S  15.63;  Cl  17.14.  CgH^OgSCl.  Calculated  %;  C  46.93;  H  4.43; 

S  15.67;  Cl  17.32. 

SUMMARY 

1.  A  convenient  method  has  been  suggested  for  the  preparation  of  vinyl  ethyl  sulfone  by  dehydration  of 
2-hydroxy dietliyl  sulfone  in  vacuum  over  phosphoric  acid. 

2.  It  has  been  shown  that  Triton  B  is  a  universal  catalyst  which  makes  it  possible  to  add  alcohols,  mer- 
captans,  and  water  easily  to  the  vinyl  sulfone,  and  also  to  polymerize  die  sulfone. 
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3.  A  test  polymerization  of  vinyl  ethyl  sulfone  has  been  carried  out  under  the  Influence  of  free-radical 
initiators  and  its  polymers  have  been  prepared  in  considerable  yields  (on  prolonged  heating). 

4.  The  high  dicnophilic  activity  of  vinyl  ethyl  sulfone  has  been  shown  and  its  adducts  with  cyclopentadiene, 
hexachlorocyclopentadiene,  and  chloroprcne  have  been  prepared. 
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We  have  shown  in  previous  work  [Ij  that  bromophenthiazines  obtained  in  the  bromination  of  phenthiazine 
ate  transformed  by  the  action  of  potassium  bichromate  in  boiling  100%  acetic  acid  into  bromophenthiazones. 

We  have  assumed  that  in  this  reaction  the  intermediate  products  are  btomophenthiazinesulfoxides  (bromo- 
phenthiazine- 5- oxides)  and  phenazthionium  hydroxide  which  are  further  rearranged  into  bromophenthiazones. 

This  assumption  is  based  on  the  fact  that  in  the  case  of  tlie  transformation  of  chlorophenthiazines  into  chloro- 
phenthiazones  we  showed  experimentally  the  formation  of  chlorophenthiazinesulfoxides  as  intermediate  reaction 
products  [2]. 

To  test  tliis,  we  prepared  bromophenthiazinesulfoxides  and  transformed  them  into  bromophenthiazones. 

When  potassium  bichromate  acted  on  3,7-dibromophenthiazine  (1)  under  mild  conditions,  we  obtained  3,7-di- 
bromophenthiazinesulfoxide  (111).  1,3,7,9-Tetrabromophentluazine  (II)  went  over  to  the  corresponding  sulfoxide 
(IV)  under  tlie  same  conditions.  At  the  same  time  occurred  formation  of  bromophenazthionium  hydroxides  (V,  VI) 
(isomers  of  the  sulfoxides).  We  succeeded  in  isolating  only  tlie  sulfoxides;  separation  of  the  bromophenazthionium 
hydroxides  in  the  pure  form  is  unlikely.  On  tlie  other  hand,  we  showed  that  when  the  bromophentliiazinesulfoxides 
were  boiled  in  glacial  acetic  acid,  the  solution  took  on  a  red  color  like  tlie  chlorophenthiazinesulfoxides  due  to 
the  establisliment  of  an  equilibrium  between  sulfoxides  and  phenazthionium  hydroxides. 

Bromophenthiazinesulfoxides  and  bromophenazthionium  hydroxides  were  transformed  into  bromophenthiazones 
by  the  action  of  potassium  bicliromate;  thus  it  was  confirmed  beyond  doubt  that  they  are  intermediate  products 
in  the  reaction  of  conversion  of  bromophenthiazines  into  bromophenthiazones  (VII,  Vlll). 

Using  hydrogen  peroxide  as  the  oxidizing  agent  instead  of  bichromate,  we  oxidized  the  sulfoxides  to  sulfones 
(IX,  X).  The  same  sulfones  were  also  obtained  by  oxidizing  the  bromophenthiazines  with  hydrogen  peroxide. 
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To  confirm  the  structure  of  3,7-dibromophenthiazinesuIfoxide  (III)  we  reduced  it  witii  zinc  dust  in  glacial 
acetic  acid  and  obtained  3,7-dlbroniophcntluazine  (1).  In  tlie  reduction  of  1, 3,7,9- tetrabrotnophenthiazine- 
sulfoxide  (IV)  under  similar  conditions  we  also  obtained  3,7-dibromophenthiazine  (I)  instead  of  1,3,7,9-tetra- 
bromophentliiazine  (II).  This  shows  iliat  the  atoms  of  bromine  substituted  in  positions  1,9  are  sufficiently  mobile 
and  can  be  replaced  by  hydrogen  atoms. 

Like  all  sulfones,  the  bromodiphenylaminesulfones  are  not  reduced  to  die  corresponding  bromophenthiazines, 
but  die  bromine  atoms  which  occupy  the  1,9  positions  in  1,3,7,9-tetrabtomodiphenylaminesulfone  (X)  are  also 
mobile  and  in  reduction  arc  replaced  by  hydrogen.  This  also  occurs  in  die  case  of  1,3,7,9-tetrabromophenthiazine 
(II). 
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The  mobility  (lability)  of  the  bromine  atoms  in  bromophenthiazines,  bromophenthiazinesulfoxides,  and 
bromodiphenylaminesulfones  opens  a  new  path  to  the  preparation  of  other  derivatives  of  die  phcndiiazine  series. 
At  die  same  time,  we  can  conclude  diat  in  die  unsubstituted  phcnthiazincs  positions  3,7  are  more  reactive  than 
positions  1,9.  Due  to  diis,  die  bromine  atoms  which  occupy  positions  3,7  are  more  strongly  bound  to  the 
phenthiazine  ring  and  cannot  be  replaced  by  hydrogen  under  die  conditions  described  above.  This  fact  is  also 
found  in  die  case  of  unsubstituted  dipiienylaminesulfones. 


EXPERIMENTAL 

3,7-  Dibromophendiiazinesiilfoxide  (III).  Four  g  of  (I)  with  an  equal  amount  of  powdered  potassium  bi¬ 
chromate  was  suspended  in  600  ml  of  80%  acetic  acid  and  die  resulting  mixture  boiled  under  reflux  for  15 
minutes.  Wc  obtained  a  red  solution  which  was  filtered  and  poured  into  water.  The  precipitate  was  separated, 
washed  well  widi  water,  and  dried.  The  resulting  substance  had  a  rose- red  color  and  decomposed  at  240-241*. 

After  one  recry'stallization  from  alcohol  widi  active  charcoal  it  formed  white,  glittering  crystals  which  decom¬ 
posed  at  256-257®.  Yield  about  64%. 

Difficultly  soluble  in  benzene  and  toluene,  easily  soluble  in  alcohol  and  acetic  acid. 

Found  %:  Br  43.22;  N  3.86.  CizHyONSBrj.  Calculated  %;  Br  42.90;  N  3.75. 

1,3,7,9-Tetrabromophenthiazinesulfoxide  (IV).  A  mixture  of  7  g  ol  (II)  with  an  equal  amount  of  powdered 
potassium  bichromate  was  suspended  in  2.100  liters  of  95%  acetic  acid  and  boiled  under  reflux  for  35  minutes. 

The  resulting  red  solution  was  filtered,  activated  charcoal  was  added  to  die  filtrate  and  it  was  shaken  for  5  minutes, 
filtered  again,  and  die  solution  was  poured  into  distilled  water.  The  rose  colored  precipitate  wliich  formed  was 
filtered,  w'ashed  well  with  water,  and  recrystallized  from  alcohol  with  activated  charcoal;  decomposition  point 
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235- 23G*.  After  recrysiallization  from  dioxane  witli  activated  charcoal  there  were  white  needles  with  decom¬ 
position  point  238-239*.  Yield  about  56 “/o.  Moderately  soluble  in  acetic  acid,  toluene,  and  dioxane,  soluble  • 
witli  difficulty  in  alcohol. 

Found  Br  59.99:  N  2.65.  Ci2H50NSBr4.  Calculated Br  60.26;  N  2.63. 

4.7- Dibromo-3-phenthiazone  (VII).  Five  g  of  (III)  with  an  equal  amount  of  powdered  potassium  bichromate 
was  dissolved  in  250  ml  of  lOO^yn  acetic  acid  witli  boiling,  and  then  another  10  g  of  potassium  bichromate  was 
added  and  the  solution  was  boiled  under  reflux  for  15  minutes.  Distilled  water  was  added  carefully  to  tlie  boiling 
solution  until  slight  separation  of  crystals  stopped,  and  it  was  filtered.  After  it  had  stood  for  18-20  hours,  the  red 
crystals  which  precipitated  were  filtered  off,  washed  with  water,  and  dried.  M.  p.  234-235*.  After  recrystalliza¬ 
tion  from  dioxane,  glittering  needles  witJi  a  copper  color.  M.  p.  239-240*.  Easily  soluble  in  acetone  and  ben¬ 
zene,  moderately  so  in  alcohol  and  acetic  acid.  Mixed  melting  point  witli  (VII)  obtained  by  the  action  of 
potassium  bichromate  on  (1)  (under  the  same  conditions)  gave  no  depression. 

Found  Br  42.90;  N  3.70.  CijHsONSBrj.  Calculated  ^yo:  Br  43.12;  N  3.77. 

1.4.7.9- Tetrabromo-3-phcnthlazone  (VIII).  Five  g  of  (IV)  witli  an  equal  amount  of  powdered  potassium 
bichromate  was  suspended  in  500  ml  of  lOO^/o  acetic  acid  and  tlie  mixture  was  heated;  tlicn  we  added  another 
10  g  of  potassium  bichromate  and  continued  boiling  under  reflux  for  15  minutes.  Distilled  water  was  added  to 
the  solution  until  there  was  no  weak  separation  of  crystals.  After  standing  4-5  hours  tlie  red  needle-shaped 
crystals  were  filtered  off,  washed  witli  distilled  water,  and  dried.  M.  p.  257-258*.  After  recrystallization  from 
toluene,  red  needles  widi  m.  p.  263-264*.  Yield  35 Tlie  substance  was  difficultly  soluble  in  alcohol  and 
acetic  acid,  easily  so  in  acetone  and  toluene,  and  very  easily  so  in  chloro-  and  nitrobenzene.  A  mixed  melting 
point  witli  (VIII)  obtained  by  die  action  of  potassium  bichromate  on  (II)  (under  die  same  conditions)  gave  no 
depression. 

Found  %:  C  27.50;  11  0.75;  Br  60.31.  Ci2ll30NSBr4.  Calculated  <^0:  C  27.22;  H  0.56;  Br  60.49. 

3.7- Dibroiiiodiphenylaminesulfonc  (IX).  To  2  g  of  (I)  in  a  500  ml  round  bottomed  flask,  we  added  200  ml 
of  glacial  acetic  acid  and  heated  die  mixture  to  solution  of  die  dibromophendiiazine.  Then  the  resulting  solution 
was  treated  widi  45  ml  of  30*70  hydrogen  peroxide,  added  over  2  hours  through  the  reflux  condenser.  The  contents 
of  the  flask  were  poured  into  water,  the  precipitate  was  filtered  off  and  recrystallized  from  acetic  acid  with 
activated  charcoal.  White  crystals  witli  m.  p.  340-341*.  Yield  63*7?. 

Found  <yo:  Br  41.42;  N  3.59.  CigHyOgNSBrj.  Calculated  *70;  Br  41.13;  N  3.59. 

The  same  treatment,  starting  from  (111),  gave  (IX). 

1.3.7.9- Tcirabromodiphenylamiiiesulfoiic  (X).  To  2  g  of  (II)  in  a  500  ml  round- bottomed  flask  was  added 
300  ml  of  glaeial  acetic  acid.  The  resulting  suspension  was  treated  as  described  above  widi  50  ml  of  hydrogen 
peroxide.  After  some  time,  die  suspension  dissolved  completely.  At  the  end  of  the  reaction,  the  contents  of  the 
flask  were  poured  into  water,  die  precipitate  was  filtered  off,  washed  with  water,  and  dried.  After  reerystalllzatlon 
from  toluene,  white  crystals  widi  m.  p.  252-253*.  Yield  75*7o. 

Found  <70:  Br  58.23;  N  2.81.  Ci2H502NSBr4.  Calculated  *70:  Br  58.50;  N  2.55. 

Tlie  same  treatment,  starting  from  substance  (IV)  gave  (X). 

Reduction  of  substance  (III)  to  (1).  Two  g  of  (III)  was  boiled  for  half  an  hour  widi  zinc  dust  in  200  ml  of 
acetic  acid.  The  residue  of  zinc  was  removed  by  filtration  and  die  filtrate  was  poured  into  water.  The  pre¬ 
cipitate  was  filtered  off,  washed  widi  water,  and  crystallized  from  acetic  acid,  decomposition  point  210-211*. 

A  mixed  sample  with  (I)  gave  no  depression  in  melting  point.  Yield  about  70%. 

Reduction  of  substance  (IV)  to  (I).  Two  g  of  (IV)  was  reduced  with  zinc  dust  by  boiling  for  four  hours  in 
glacial  acetic  acid.  Treatment  was  as  in  die  preceding  experiment  and  yielded  silvery  plates  widi  decomposition 
point  210-211°.  A  mixed  sample  widi  (I)  gave  no  depression  of  melting  point.  Yield  66%. 

Found  %;  C  40.51;  H  2.10;  N  4.01.  CizHyNSBrz.  Caleulated  %;  C  40.33;  H  1.96;  N  3.92. 

Reduction  of  substance  (X)  to  (IX)  occurred  under  die  same  conditions  as  in  the  previous  experiment,  but 

with  three  hour  boiling.  We  obtained  crystals  widi  m.  p.  340-341*.  A  mixed  melting  point  with  (IX)  obtained  by 
oxidation  of  (1)  widi  hydrogen  peroxide  gave  no  depression.  Yield  71%. 
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Found '’/o;  Br  41.30;  N  3.G2.  Ci2H702NSBr2.  Calculated '7o:  Br  41.13;  N  3.59. 

Reduction  of  substance  (il)  to  (1).  Two  g  of  (11)  was  suspended  in  500  ml  of  glacial  acetic  acid  and  boiled 
for  five  hours;  zinc  dust  was  added  in  small  portions  each  half  hour.  The  suspension  gradually  dissolved.  After 
removal  of  tJic  zinc  residue,  tlie  solution  was  poured  into  water.  The  precipitate  was  filtered  off,  washed  with 
water,  and  crystallized  from  acetic  acid;  decomposition  point  210-211'’.  A  mixed  sample  with  (I)  obtained 
from  bromination  of  phentliiazlnc  gave  no  depression  of  melting  point.  Yield  64*70. 


SUMMARY 

1.  We  have  prepared  bromophentliiazinesulfoxides  which  are  converted  by  potassium  bichromate  into 
bromodiiazones.  We  have  shown  tliat  the  bromophenthiazinesulfoxides  are  intermediate  products  in  the  reaction 
of  conversion  of  broinoplienthiazines  into  bromophenthiazones. 

2.  Wlien  bromophenthiazinesulfoxides  are  oxidized  by  hydrogen  peroxide,  they  give  the  corresponding 
sulfones, 

3.  Bromine  atoms  substituted  in  the  1,9  positions  in  1,3,7,9-tetrabromophenthiazine ,  -bromophenthiazine- 
sulfoxide  and  bromodiphcnylaminesulfone  are  quite  mobile  and  are  replaced  by  hydrogen  during  reduction. 
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At  the  present  time  tliere  is  often  a  need  to  acylate  peptides  by  various  acids  in  order  to  obtain  biologically 
active  compounds  (sarcolysylpeptides,  actinomycin,  etc.  [Ij).  For  preparing  such  compounds,  we  tliought  it  would 
be  interesting  to  use,  besides  the  ordinary  acylation  methods,  special  metliods  used  for  creating  peptide  bonds. 
However,  it  was  shown  that  many  methods  which  succeed  in  creating  peptide  bonds  cannot  be  used  for  introduction 
of  acyl  residues  in  the  molecule  of  amino  acids  and  peptides.  Thus,  in  tlie  acylation  by  2-methylcyclopentanone- 
3-carboxylic  acid  (diliydrosarcomycin)  (1)  of  the  esters  of  some  amino  acids,  and  also  of  di-  and  tripeptides  with 
acid  chlorides  [2],  and  witli  the  dicyclohexylcarbodiimide  metliod  [3J  or  the  method  of  activated  esters  [4j.we 
obtained  only  negative  results.  Only  the  use  of  tlie  method  of  mixed  anhydrides  (POClj)  [5j  permitted  us  to  obtain 
the  corresponding  acylated  derivatives  of  amino  acids  and  peptides  (111)  in  the  crystalline  state. 


Cl  I3C1 1  -Cl  icon  1 1  Cl  I3C1 1  -Cl  ICO  N 1  ici  ico  h  ' 

I  I  roci«  I  I  I 

CO  CII2  MCI  .  II2NCHCOIV  CO  CIl,  H 

CII2  U  CM2 

(I)  (II)  (III) 

The  name  of  the  radicals  in  compounds  of  types  (II)  and  (III)  are  given  in  Table  1. 

In  order  to  obtain  the  starting  esters  of  dipeptides  (Ilb)  -  (lid)  we  carried  out  the  synthesis  of  esters  of  the 
corresponding  N-carbobenzoxypeptides  by  the  metliod  of  activated  esters  [6]  followed  by  removal  of  the  carbo- 
benzoxy  group.  For  syntliesis  of  the  iripeptides  (He)  and  (Ilf)  the  esters  of  peptides  (lib)  and  (lid)  were  saponified 
[7]  to  tlie  corresponding  acids  and  then  condensed  witli  the  ethyl  ester  of  D,L- phenylalanine  in  tlie  presence  of 
N,N*-dicyclohexylcarbodiimide  [8J.  The  subsequent  removal  of  die  carbobenzoxy  group  was  carried  out  in  all 
cases  by  hydrogenation  [9].  The  resulting  hydrochlorides  of  the  ethyl  esters  of  type  (II)  di-  and  tripeptides  were 
acylated  by  dihydrosarcomycin  witliout  further  purification,  using  phosphorus  oxychloride  in  the  presence  of  tri- 
etliylamine  [5J.  The  characteristics  of  die  resulting  compounds  of  type  (HI)  are  given  in  Table  2. 


EXPERIMENTAL 

Obtaining  cyanomethyl  esters  of  N-carbobenzoxyamino  acids  and  dihydrosarcomycin.  The  syntliesis  of 
cyanomethyl  esters  of  N- carbobenzoxy- D,L- leucine  (m.  p.  83-85*,  from  eilicr)  [lOj,  N-carbobenzoxyglycine 
(m.  p.  69-70",  from  ether)  [11],  N- carbobenzoxy- D,L- valine,  and  diliydrosarcomycin  was  carried  out  by  die 
method  of  Schwyzer  [4,  10,  llj. 
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TABLE  1 


Type  of 
compound 

u 

U' 

II  a 

Ilia 

11 

OC,H, 

II  b 

nib 

11 

NHCHCOOC.H, 

CH, 

Me 

lllc 

CM,. 

)C11 

CH,^ 

NHCH,COOC,H, 

Ild 

llld 

CH, 

>cncn. 

NHCH,COOC,lU 

lie 

MIC 

II 

NHCHCONHCHCOOC,'.!, 

CH,  CH,C.H, 

Ilf 

lllf 

CH, 

)ciirii, 

CH/ 

NHCH,CONHCHCOOC,H. 

1 

CH,C,H, 

lllg 

CH, 

>CH 

CH,^ 

NHCH.COOH 

lllh 

CH,. 

)CHCH, 

CH,/ 

NHCH,COOH 

The  cyanometliyl  ester  of  N-carbobenzoxy-D,L-valine  was  obtained  with  a  yield  of  72%,  rn.  p.  82-83* 

(from  absolute  ether). 

Found  %:  C  61.71;  H  5.78;  N  9.69.  Calculated  %:  C  62.04:  H  6.25;  N  9.65. 

The  cyanometliyl  ester  of  diliydrosarcomycin  was  obtained  with  a  yield  of  62%.  B.  p.  115-117*  (1  mm), 
n^D  1.4710. 

Found  %:  C  59.62;  H  6.39;  N  7.83.  CjHjiOgN.  Calculated  %;  C  59.63;  H  6.12;  N  7.74. 

Obtaining  the  ethyl  esters  of  N-carbobenzoxydipeptides.  The  condensation  of  tlie  cyanomethyl  esters  of 
the  carbobenzoxyamino  acids  with  the  corresponding  ethyl  esters  of  glycine  and  alanine  was  carried  out  under 
tlie  conditions  described  by  Schwyzer  [6].  By  this  method  we  prepared  tlie  ethyl  esters  of  N-carbobenzoxy-D,L- 
valylglycine  with  a  60%  yield  (m.  p.  144-145",  from  alcohol)  [12],  of  N-carbobenzoxy-D,L-leucylglyclne 
with  a  yield  of  70%  (m.  p.  85-86",  from  acetone-ether)  [10],  and  of  N-carbobenzoxyglycyl-D,L- alanine  (oil, 
yield  quantitative). 

Obtaining  N-carbobenzoxydlpeptides.  The  ethyl  esters  of  N-carbcbenzoxy-D,L-leucylglycine  and  N- 
carbobenzoxyglycyl-D,L- alanine  were  saponified  in  methyl  alcohol  with  2  N  NaOH  at  18-23*  for  20  minutes 

[7] ,  After  acidification,  we  obtained  N-carbobenzoxy-D,L-leucylglycine  in  96%  yield  (m.  p.  162-163",  from 
metliyl  alcohol)  [10],  and  N-catbobenzoxyglycyi-D,L- alanine  in  yield  of  83%  (m.  p.  175-176",  from  metliyl 
alcohol)  [13]. 

Obtaining  ethyl  esters  of  N-carbobenzoxytripeptides.  To  a  suspension  of  0,0075  mole  of  N-carbobenzoxydl- 
peptide  in  10  ml  of  methylene  chloride  was  added  a  solution  of  0.015  mole  of  ethyl  ester  of  D,L- phenylalanine 
in  10  ml  of  acetonitrile,  and  tlie  clear  solution  was  treated  with  0.0075  mole  of  N,N’-dicyclohexylcarbodlimide 

[8]  in  5  ml  of  metiiylene  chloride.  Tne  mixture  was  allowed  to  stand  at  18-23*  for  45  hours.  The  precipitate 
of  N,N’-dicyclohexylurea  was  filtered  off  and  tlie  filtrate  was  evaporated  dry.  The  residue  was  extracted  with 
etliyl  acetate  which  was  washed  witli  1  N  HCl,  1  N  NaHC03,  and  water  and  dried  over  Na2SQ4.  After  distillation 
of  the  solvent  in  a  vacuum,  the  ethyl  esters  of  the  N-carbobenzoxytripeptidcs  were  obtained  in  die  form  of  oils 
which  solidified  after  grinding  with  anhydrous  ether.  We  thus  syndiesized  die  ethyl  ester  of  N-carbobenzoxyglycyl- 
D,L-alanyl-D,L- phenylalanine  wiih  a  yield  of  85%  and  of  N-carbobenzoxy-D,L-leucylglycyl-D,L-phenylalanine 
with  a  yield  of  72%.  Tliese  compounds  were  reduced  without  further  purification. 
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Obtainin'^  the  hydrochlorides  of  ethyl  esters  of  di-  and  tripeptides  of  type  (II).  To  a  solution  of  0.005 
mole  of  etJiyl  ester  of  N-carbobenzoxydi-  or  tripeptidcs  in  15-20  ml  of  methyl  alcohol  we  added  0.005  mole 
of  a  titrated  alcoholic  solution  of  ilCl  and  1  g  of  palladium  on  carbon.  Hydrogenation  was  carried  out  at 
normal  pressure  and  18-23*  for  2.5-4  hours.  At  the  end  of  hydrogen  absorption  the  catalyst  was  filtered  off 
and  washed  with  methyl  alcohol,  and  the  filtrate  was  evaporated  in  a  vacuum  at  25-30*.  The  hydrochlorides 
of  die  ethyl  esters  of  di-  and  tripeptides,  obtained  as  glassy  masses,  were  dried  in  a  vacuum  over  P2Ci^  and 
widiout  purification  were  used  for  furdicr  transformations.  Thus,  we  obtained  in  quantitative  yields  the  hydro¬ 
chlorides  of  die  ethyl  esters  of  the  following  peptides:  glycyl- D,L- alanine  (lib),  D,L-valylglyclne  (11c), 
D,L-leucylglycine  (lid),  glycyl- D,L-alanyl-D,L- phenylalanine  (He),  and  D,L-leucylglycyl-D,L- phenyl¬ 
alanine  (Ilf). 

Condensation  of  dihydrosarcori^cin  with  the  hydrochlorides  of  the  ethyl  esters  of  amino  acids,  and  also 
of  di-  and  tripeptides.  To  a  solution  of  0.01  mole  of  ddiydrosarcomycin  in  15  ml  of  methylene  chloride  we 
added  a  solution  of  0.01  mole  of  the  hydrochloride  of  the  ediyl  ester  of  one  of  the  compounds  of  type  (II)  in 
20  ml  of  mediylene  chloride  which  contained  0.01  mole  of  triediylamine.  The  mixture  was  cooled  to  —  15* 
and  in  die  course  of  one  minute,  with  energetic  stirring,  we  added  a  suspension  of  0.01  mole  of  POCI3  and 
0.02  mole  of  triediylamine  in  10  ml  of  methylene  chloride.  After  stirring  at  —  15*  for  one  hour,  we  added 
to  die  reaction  mixture  20  ml  of  water,  and  dien  the  methylene  chloride  was  distilled  off  in  a  vacuum.  The 
residue  was  extracted  with  ethyl  acetate  and  the  solution  was  washed  with  5%  NaHC03  and  water.  After 
drying  and  distillation  of  the  solvent,  we  obtained  compounds  of  type  (III),  wliich  were  re  crystallized  from 
the  corresponding  solvents.-  Alkaline  saponification  of  the  ester  group  [7J  from  compounds  (lllc)  and  (llld) 
gave  the  corresponding  acids  (Hlg)  and  (lIDi).  The  properties  and  yields  of  die  resulting  compounds  of  type 
(III)  arc  given  in  Table  2. 


SUMMARY 

Using  die  mediod  of  mixed  anliydridcs  widi  phosphorus  oxychloride  we  have  carried  out  the  acylation 
of  esters  of  amino  acids,  and  also  of  di-  and  tripeptidcs,  widi  2-methylcyclopentanone-3-carboxylic  acid 
(dihydrosarcomycin). 
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A  study  of  the  properties  of  O- peptides  of  0 -hydroxy-  a-amino  acids  is  of  great  Interest  in  connection 
with  the  possible  biochemical  importance  of  these  compounds  [1,  2],  which  is  suggested  by  the  recent  work  of 
Brenner  on  aminoacyl  uptake  [3],  However,  tlie  preparation  of  O- peptides  is  in  many  cases  a  complex  problem 
and  tills  apparently  explains  tlie  comparatively  small  number  of  compounds  of  this  type  described  in  die  literature. 
Among  die  many  different  mediods  known  at  present  for  creating  peptide  bonds,  only  two  are  used  for  the  syn¬ 
thesis  of  O- peptides,  namely;  die  acid  chloride  mediod  [4-7J  and  the  niediod  of  mixed  anhydrides  [1,7,  8J. 

In  studying  the  properties  of  O- peptides,  we  encountered  die  problem  of  obtaining  a  number  of  previously 
undescribed  O-pepiides  of  die  N-benzoylscrlne  type  (1).  We  found  difficulties  in  preparing  such  compounds. 

One  of  die  paths  which  we  tried  consisted  in  die  action  on  the  ediyl  ester  of  N-benzoylserylglycine  of  die  N- 
carboxyanliydride  of  amino  acids  in  die  presence  of  hydrogen  chloride  (see  [1]).  However,  dils  method  did  not 
give  the  desired  results.  Anodier  path  chosen  by  us  for  die  syndiesis  of  compounds  of  type  (I)  was  die  acylation 
of  the  hydroxy  groups  of  N-benzoylserine  by  acid  chlorides  [6]  or  mixed  anhydrides  (COClj)  of  carbobenzoxy- 
amlno  acids  [8J  widi  later  condensation  of  the  resulting  O- peptide  witli  amino  acid  esters  and  widi  splitting  off 
of  die  protective  carbobenzoxy  group.  However,  this  method  also  failed  to  permit  isolation  of  O- peptides  of 
type  (IV,  1}  in  the  individual  state. 


These  negative  results  compelled  us  to  search  for  different  processes  for  getting  O- peptide  bonds.  In  the 
studies  wliich  we  carried  out  we  found  two  new  mediods  for  die  synthesis  of  O- peptides.  In  one  of  diese  methods, 
the  creation  of  an  O  peptide  bond  occurred  by  condensation  of  die  ethyl  ester  of  N-benzoylserylglycine  (lla)  with 
N- carbobenzoxy  amino  acids  (III)  with  the  aid  of  N,N*-dicyclohexylcatbodiimide  (see  [9-llJ),  in  die  other, 
with  the  aid  of  phosphorus  oxychloride  [14]. 


CHj— CM— CO— N 1 1  -Cl  |.,C,0  H 

I  I 

OH  NHCOroH5 
(II) 


-I-  Cel :i  looco  N  nc,  H  ( ir)coo  1 1 

(III) 


Cf.!!,,  N=C-Nrjl„ 
(or  I’OCij) 


(iia)  II  =  or,H,; 

(Ilb)  II  =  Nil,; 


(Ilia)  U'  =  II. 

(|||D)  JC  =  rn,: 

(1 1 1C)  It' =  (.IKCII,),; 
(iiid)  u' =  cn.ciKCli,),; 
(iiie)  K'  =  ^ll,^.n^. 
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(IV) 
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(ivti  11  =  00,11,.  K' =  011,011(011,),: 
(ive)  u  =  00,11,.  u' =  oii,<  „ii,: 
(IVf)  lt  =  NH,.  10  =  011,011(011,),. 
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In  obtaining  compounds  of  type  (IV)  by  the  carbodiimlde  method,  the  starting  reagents  were  taken  in 
equimolar  ratio.  The  process  was  carried  out  at  room  temperature  for  24  hours  in  a  medium  of  acetone  or  di- 
methylformamide  in  die  presence  of  pyridine.  Tlie  precipitate  of  N,N’-dicyclohexylurea  was  filtered  off  and 
the  O  peptides  of  type  (IV)  were  obtained  from  the  filtrate  in  die  crystalline  state  with  a  good  yield.  By  this 
method,  we  obtained  the  ethyl  esters  of  O-carbobenzoxyaminoacyl-N-benzoylserylglycines  (IVa-lVe).  Under 
analogous  conditions,  we  obtained  from  die  amide  of  N-benzoylserylglycine  (11b)  and  carbobenzoxyleucine 
(Illd)  the  amide  of  O-carbobenzoxylcucyl-N-benzoylserylglycinc  (IVf).  Also,  in  die  case  of  syndiesis  of  the 
ethyl  ester  of  O-carbobenzoxyleucyl-N-acctyltyrosine  (V)  and  die  amide  of  O- carbobenzoxyphenylalanylsalicyllc 
acid  (VI)  we  showed  tliat  the  carbodiimide  method  for  the  syndiesis  of  O- peptide  bonds  wiiicli  we  have  suggested 
can  be  used  successfully  for  aminoacylation  of  phenolic  hydroxyl  groups.  This  method  is  characterized  by  ex¬ 
perimental  simplicity  and  good  yields  of  die  resulting  0-pcptides  (see  table). 

In  the  synthesis  of  O- peptides  of  type  (IV)  by  die  method  of  mixed  anliydrides  using  phosphorus  oxychloride, 
tlie  reagents  were  taken  in  equimolar  amounts;  die  process  was  carried  out  at  —  15*  in  a  medium  of  dry  methylene 
chloride  in  die  presence  of  triediylamlne.  By  this  process,  we  obtained  in  the  crystalline  state  the  compounds  (IVb) 
to  (IVe),  but  die  yield  of  O- peptides  by  this  method  was  considerably  lower  dian  by  the  carbodiimide  mediod. 

In  several  of  the  O- peptides  of  type  (IV) ,  catalytic  hydrogenation  under  the  usual  conditions  [12]  removed 
die  protective  carbobeiizoxy  group  and  gave  the  corresponding  O  peptides  with  free  amino  groups  (la),  (lb). 

Thus,  the  use  of  N,N'-dicyclohexylcarbodiimide  and  phosphorus  oxychloride  for  creating  O- peptide  bonds  permits 
us  to  synthesize  a  series  of  such  O- peptides  of  serine  wliich  cannot  be  obtained  in  the  crystalline  state  by  the 
methods  described  in  die  literature. 


EXPERIMENTAL 

i 

1,  Ethyl  ester  cf  N-benzoylscrylglycine  (Ha).  To  a  suspension  of  10.4  g  (0,05  mole)  of  N-benzoylserlne 
[15]  in  45  inl  of  methylene  chloride  was  added  7.7  g  (0.07  mole)  of  ethyl  glycinate  In  10  ml  of  methylene 
chloride.  To  the  resulting  solution  was  added  10.3  g  (0.05  mole)  of  N,N'-dicyclohexylcarbodiiniide  dissolved 
in  25  ml  of  methylene  chloride.  After  several  minutes  a  precipitation  of  N,N'-dicyclohcxylurea  began, 
accompanied  by  some  heating  of  the  reaction  mixture.  After  24  hours,  die  N,N'-dlcycloliexylurea  was  filtered 
off.  The  filtrate  was  washed  successively  widi  1  N  IICl,  1  N  NalIC03,  and  water,  and  dried  over  Na2S04;  it 
was  evaporated  in  a  vacuum  at  30*,  and  gave  8  g  (54  %)  of  ester  (Ila),  m.  p.  119-120*  (from  anliydrous 
alcohol). 

Found  <70:  C  57.11;  II  6.24;  N  9,54.  CMlIigOgNV  Calculated ‘/o:  C  57.13;  H  6,17;  N  9.52. 

2,  Amide  of  N-benzoylserylglycine  (lib).  We  dissolved  3.5  g  (0,012  mole)  of  ediyl  ester  of  N-benzoyl¬ 
serylglycine  (Ila)  in  100  ml  of  anliydrous  alcohol.  We  jiassed  into  die  solution  for  4  hours  at  0*  a  stream  of  dry 
ammonia,  and  allowed  the  mixture  to  stand  at  room  temperature  for  72  hours.  Then  die  solvent  was  distilled 

off  in  a  vacuum  and  we  obtained  amide  (lib).  Weight  2.5  g  (80%),  m.  p.  139-140*  (alcohol  and  ethyl  acetate, 

1:1). 

Found  %:  C  54.26;  H  5.86;  N  15.75.  Ci2H,504N3.  Calculated  %:  C  54.34;  H  5.70;  N  15.84. 

3,  Obtaining  O- peptides  of  type  (IV).  a)  Using  N,N*-dicyclohexylcarbodiimide.  To  a  solution  of 
equimolar  amounts  of  die  acylating  component  of  type  (11)  and  N-carbobenzoxyamino  acid  (Ill)  in  a  minimal 
amount  of  acetone  *  we  added  an  equimolar  amount  of  pyridine  and  then  an  equimolar  amount  of  N,N'-dicyclo- 
hexylcarbodiimide  dissolved  in  die  minimal  amount  of  acetone,  llie  reaction  mixture  remained  for  24  hours  at 
room  temperature,  and  then  die  precipitated  N,N'-dicycloliexylurea  was  filtered  off  and  washed  widi  a  small 
amount  of  acetone.  The  filtrate  was  evaporated  dry  in  a  vacuum  and  die  oily  residue  was  dried  in  a  vacuum 
desiccator  and  ground  with  a  mixture  of  ethyl  acetate  and  ligroin  to  die  formation  of  a  crystalline  substance 


•  In  all  the  experiments  which  we  ran  the  solvent  was  acetone,  and  only  in  the  case  of  the  amide  of  N-benzoyl- 
serylglycine  did  we  use  dimcdiylformamlde  as  die  solvent. 
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which  was  filtered  off  and  rccrystallized  from  tlie  respective  solvent.  The  characteristics  of  the  compounds 
(IVa)  -  (IVO,  (V),  and  (VI)  are  given  In  the  table. 

b)  Using  phosphorus  oxychloride.  Equimolar  amounts  (of  0.005  mole)  of  tlie  ethyl  ester  of  N-benzoyl- 
serylglycinc  (11a),  N-carbobenzoxyamino  acids  (Illb)  -  (Hie)  and  trietliylamine  were  dissolved  in  35  ml  of 
methylene  chloride.  'lire  solution  was  cooled  to  —  15*  and  kept  at  a  temperature  of  —  12  to  —  10*;  with 
stirring  we  added  a  suspension  obtained  by  mixing  0.01  mole  of  triethylamine  and  0.005  mole  of  phosphorus 
oxychloride  in  2  ml  of  mediylene  chloride.  The  stirring  was  continued  at  —  12  to  —  10*  for  another  hour 
and  then  die  reaction  mixture  was  gradually  treated  widi  10  ml  of  water.  The  methylene  chloride  layer  was 
separated,  wadied  widi  a  cold  S'fo  solution  of  soda,  wldi  water,  and  dried  over  Na2S04.  The  methylene  chloride 
was  distilled  off  in  a  vacuum,  die  oily  residue  was  dissolved  in  hot  ethyl  acetate,  and  was  precipitated  by  ligroin 
(1  ;10);  it  was  separated,  dried  in  a  vacuum  desiccator,  and  recrystallized  from  die  respective  solvent.  The 
characteristics  of  die  resulting  O  peptides  of  type  (IV)  are  given  in  the  table. 

4.  Obtaining  the  O- peptides  of  type  (l).  We  dissolved  1.4  g  (0.00  25  mole)  of  the  ethyl  ester  of 
O-carbobenzoxyphenylalanyl-N-benzoylserylglycine  (IVe)  in  40  ml  of  methyl  alcohol,  added  0.6  g  of  10% 

Pd  on  carbon  and  an  equimolar  amount  of  alcoholic  llCl  solution,  and  hydrogenated  at  room  temperature  and 
atmospheric  pressure.  Then  the  catalyst  was  filtered  off  and  die  solution  was  evaporated  in  a  vacuum.  The 
resulting  oily  hydrochloride  of  die  ethyl  ester  of  O-phenylalanyl-N-benzoylserylglycine  (la)  after  drying 
in  a  vacuum  desiccator  changed  into  a  white,  amorphous  powder.  Weight  1.1  g  OS'^o). 

Found  <70:  N  8.70.  CzaU^aOcNaCl.  Calculated  «’/o:  N  8.79. 

Under  analogous  conditions,  we  carried  out  the  hydrogenation  of  the  ethyl  ester  of  O-carbobenzoxyleucyl- 
N-bcnzoylserylglycinc  (IVd).  Tlie  yield  of  hydrochloride  of  die  ethyl  ester  of  O-leucyl-N-benzoylserylglycine 
(Ib)  was  02%. 

Found  9.16.  C2oIl3o06^3Cl.  Calculated  N  9.47. 

SUMMARY 


We  have  shown  that  two  known  mcdiods  for  the  syndiesis  of  peptide  bonds  (the  carbodiimide  method  and 
the  method  of  mixed  anhydrides  with  phosphorus  oxychloride)  can  be  used  successfully  for  die  synthesis  of  O- 
peptides. 
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At  the  present  time  peptide  synthesis  occupies  one  of  tlie  chief  places  in  the  synthetic  chemistry  of  proteins. 

In  spite  of  great  progress,  tliere  are  still  a  number  of  difficulties  and  unsolved  problems  in  this  field.  The  present 
work  is  a  continuation  of  studies  in  the  field  of  tlie  synthesis  of  benzylpeptldes.  Until  now,  we  have  succeeded  In 
carrying  out  only  the  synthesis  of  benzyldi-  and  tripeptides,  which  were  obtained  by  benzylamination  of  the 
corresponding  a-halogeii  acylatcd  amino  acids  [1]  and  dipeptides  [2J.  However,  the  synthesis  of  higher  benzyl- 
pepiides  by  this  method  is  difficult  and  this  apparently  explains  the  absence  of  data  in  the  literature  on  their 
synthesis.  Therefore,  there  is  certainly  interest  in  working  out  a  new  method  for  the  synthesis  of  benzylpoly- 
peptides.  For  a  solution  of  this  problem  we  decided  to  study  the  behavior  of  the  benzyl  derivatives  of  amino 
acids  and  peptides  in  the  peptide  sytithesis  by  the  method  of  mixed  anliydridcs.  Although  this  method  was  suggested 
relatively  recently,  it  is  now  rightly  considered  the  leading  one  and  gives  the  best  results.  It  is  most  often  used  in 
the  peptide  synthesis  of  carbobenzoxyamino  acids  and  peptides.  Among  the  derivatives  protected  by  benzyl  groups, 
the  syniliesis  by  tlie  method  of  mixed  anhydrides  has  been  applied  only  to  dibenzylamino  acids.  There  are  no  data 
in  the  literature  on  tlie  application  of  benzylamino  acids  and  peptides  in  the  peptide  synthesis  by  the  method  of 
mixed  anhydrides. 

We  carried  out  the  study  of  tliis  problem  on  tlie  following  benzylamino  acids  and  peptides:  benzylphenyl- 
alanine,  -leucine,  -valine,  and  -glycylalanylphenylalanine.  It  was  assumed  that  the  benzylamino  acids  could 
be  combined  with  amino  acid  esters  by  the  intermediate  formation  of  mixed  anhydrides  wltli  chlorocarbonic  ester. 
For  tills  purpose,  we  combined  benzylphenylalanine  under  these  conditions  with  a  leucine  ester.  As  a  result  of 
study  of  the  reaction  products,  carried  out  many  times,  we  isolated  benzylphenylalanine  to  the  extent  of  50'7o  of 
that  used  for  die  reaction.  Along  with  this,  we  established  the  formation  of  a  new  substance  which  differed 
strongly  in  solubility  from  the  starting  material  and  which  therefore  could  easily  be  separated  from  it.  By 
chromatography,  we  observed  only  phenylalanine  in  the  hydrolyzate  from  diis  substance  which  showed  its  identity 
with  the  starting  material,  and  the  absence  of  leucine  in  it  indicated  that  a  combination  reaction  did  not  occur 
in  this  case.  Thus,  we  isolated  a  substance  which  consisted  of  only  one  amino  acid,  phenylalanine,  but  which, 
in  distinction  from  the  original  benzylphenylalanine,  was  easily  soluble  in  all  organic  solvents.  Only  one  structure 
could  be  assigned  to  this  compound,  namely  benzyl  carbethoxyphenylalanine.  This  compound  could  be  con¬ 
sidered  the  result  of  direct  acylation  of  benzylphenylalanine  by  chlorocarbonic  ester,  which  in  turn  indicates  the 
characteristic  behavior  of  the  hydrogen  on  the  nitrogen  in  tlie  structure  of  benzylphenylalanine. 

In  order  to  confirm  tltis,  we  carried  out  a  study  of  tlie  products  from  the  reaction  of  chlorocarbonic  ester 
with  benzylamino  acids  under  conditions  for  formation  of  a  mixed  anhydride,  but  witliout  addition  of  the  second 
component.  In  all  cases,  we  isolated  benzyl  carbethoxyammo  acids  from  the  reaction,  and  tliis,  in  distinction 
from  the  benzylamino  acids,  was  anoil  which  was  easily  soluble  in  organic  solvents.  The  homogeneity  of  tliis 
substance  was  confirmed  by  ionophoretic  experiments  which  showed  the  electrical  neutrality  of  the  resulting 
compound  in  30^o  acetic  acid,  in  distinction  from  the  electropositivity  of  the  starting  benzylamino  acid.  Since 
tliese  compounds  were  obtained  by  us  for  the  first  time  and  we  could  not  crystallize  them,  we  identified  them 
by  comparison  with  the  benzyl  carbethoxyammo  acids  obtained  from  benzylamino  acids  and  chlorocarbonic  ester 
by  the  method  of  Fisher  (the  action  of  chlorocarbonic  ester  was  carried  out  in  an  aqueous  alkali  medium).  The 
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benzyl  carbethoxyamino  acids  synthesized  in  this  way  were  identical  in  their  properties  with  the  benzyl  carb- 
ethoxyamino  acids  obtained  earlier  under  conditions  of  mixed  anhydrides. 

It  seemed  to  us  no  less  interesting  to  explain  the  possibility  of  further  reaction  of  the  benzyl  carbethoxy¬ 
amino  acids  with  chlorocarbonic  ester  with  formation  of  mixed  anhydrides.  We  showed  that  such  formation  of 
mixed  anhydrides  actually  occurs. 
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We  did  not  judge  the  obtaining  of  the  anhydride  by  isolating  it  (the  literature  contains  evidence  of  the 
instability  of  mixed  anhydrides  of  acylamino  acids  with  chlorocarbonic  ester),  but  by  the  formation  of  peptide 
bonds.  Thus,  in  the  reaction  of  tlie  mixed  anhydride  of  benzyl  carbethoxy valine  with  the  ethyl  ester  of  gly- 
cylglycine  in  chloroform  in  the  presence  of  a  tertiary  base  we  obtained  the  ethyl  ester  of  benzyl  carbethoxy- 
valylglycylglycine.  The  amino  acid  composition  of  the  resulting  compound  (valine  and  glycine),  its  analysis, 
homogeneity  (paper  ionophoresis)  and  the  data  of  spectrophotometry  of  its  copper  biuret  complex  left  no  doubt 
of  its  tripeptide  structure.  Thus,  our  preparation  of  benzyl  carbethoxyvalylglycylglycine  indicates  the  possibility 
of  using  benzyl  carbethoxyamino  acids  in  the  peptide  synthesis  (by  the  method  of  mixed  anhydrides). 


EXPERIMENTAL 

Synthesis  of  benzylamino  acids  and  their  derivatives.  1.  Benzylphenylalanine.  To  a  solution  of  30  g  of 
bromohydrocinnamic  acid  in  260  ml  of  absolute  ether  was  added  55  g  of  benzylamine  with  cooling.  The  reaction 
mixture  was  kept  for  four  days  at  room  temperature.  The  colorless  precipitate  was  filtered  off  and  washed  witlt 
ether.  For  recrystallizaiion  the  substance  was  dissolved  in  1  N  NaOH  and  precipitated  with  acetic  acid.  A 
second  recrystallizaiion  was  carried  out  from  nitrobenzene  01  glycol:  die  precipitate  was  washed  with  acetone. 
Yield  20  g  (63%).  M.  p.  226.5*  (decomposition).  According  to  [3J,  m.  p.  225*. 

Found  %;  C  75.34,  75.48;  H  7.16,  7.01.  N  5.27,  5.07.  CigH^OjN.  Calculated  %:  C  75.28; 

H  6.71;  N  5.22. 

2.  Benzylvaline  was  obtained  in  an  analogous  way.  Yield  51%.  M.  p.  235*.  Not  described  in  the  literature. 

Found  %:  N  7.01,  7.03.  C12H17O2N.  Calculated  %:  N  6.75. 

3.  Benzylleucine.  Yield  52%.  M.  p.  223*.  According  to  [4],  m.  p.  225*. 

Found  %:  N  6.83,  6.65.  Ci3Hjg02N.  Calculated  %:  N  6.33. 

4.  Benzyl  carbethoxyphenylalanine.  We  dissolved  0.5  g  of  benzylphenylalanine  in  5  ml  of  1  N  NaCtl. 
Witli  cooling  and  stirring  with  a  mechanical  stirrer  we  added  0.19  ml  of  chlorocarbonic  ester.  The  mixture  was 
kept  for  one  hour  with  cooling  and  stirring,  and  then  was  acidified  with  hydrochloric  acid  to  an  acid  reaction. 

The  resulting  precipitate,  which  was  unreacted  benzylphenylalanine  (0.1  g),  was  separated  from  the  solution 
which  was  repeatedly  extracted  with  ether.  The  ether  solution,  dried  over  sodium  sulfate,  was  concentrated  in 

a  vacuum.  The  residual  oil  was  passed  over  a  chromatogram  (conditions  for  all  experiments;  5  hours,  buffer  of 
30%  CHgCOOH,  potential  gradient  6.8  v/cm),  developed  to  a  yellow  color  with  benzidine,  and  was  found  at 
the  point  of  deposition. 

Found  %:  N  4.28,  4.36.  C14H21O4N.  Calculated  %:  N  4.10. 

Titration  according  to  Willstatter.  A  0.2010  g  sample  was  dissolved  in  10  ml  of  96%  C2H5OH.  Titration 
was  carried  out  witli  0.1  N  alcoholic  NaOH  in  tlie  presence  of  thymolphthalein.  In  the  titration  we  used  0.022  mg 
of  alkali,  with  0.025  mg  calculated  on  benzyl  carbethoxyphenylalanine. 
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5.  Benzyl  carbctlioxy valine.  To  a  suspension  of  2  g  of  benzylvalinc  in  40  ml  of  anhydrous  chloroform 

was  added  1.4  mfe^ anhydrous  triethylamine.  Tlien  wiUi  cooling  and  stirring  0.95  ml  of  chlorocarbonic  ester 
was  added.  The  mixture  remained  30  minutes  in  the  cold  and  ilien  overnight  at  room  temperature.  The  pre¬ 
cipitate  (unreacted  benzylvalinc)  was  filtered  off.  'flie  weight  of  precipitate  was  0.4  g,  that  is,  the  acylation 
reaction  took  place  to  tlie  extent  of  80^o.  The  cliloroform  filtrate  was  treated  twice  witli  2  N  hydrochloric  acid 
and  twice  with  water,  and  was  dried  over  sodium  sulfate.  After  distillation  of  the  chloroform  in  a  vacuum  a 
thick  yellow  oil  remained.  When  placed  on  an  electrochromatogram  (4  hours)  and  developed  with  benzidine, 
it  gave  one  spot  at  tlie  point  of  deposition. 

Found  <70:  N  5.28,  5.32.  C15II21O4N.  Calculated  N  5.01. 

Saponification  of  benzyl  carbethoxyvaline  and  isolation  of  benzyl  carboxyvaline.  To  the  preparation 
of  benzyl  carbethoxyvaline  was  added  40  nd  of  1  N  NaOif  and  the  mixture  was  heated  for  22  hours  on  a  water 
bath.  After  acidification  with  1  N  hydrochloric  acid  an  oil  precipitated  which  gradually  crystallized  from  water. 
After  drying  in  a  vacuum  desiccator  over  sulfuric  acid,  the  substance  had  a  m.  p.  of  88-92*.  It  was  developed 
by  benzidine. 

Founds:  N  5.77,  5.81.  C13H17O4N.  Calculated  f/o:  N  5.58. 

6.  Benzyl  carbethoxyleucine.  To  1  g  of  benzylleucine  in  12  ml  of  1  N  NaCSl  was  added  0.55  ml  of 

chlorocarbonic  ester  witli  cooling  and  stirring  with  a  mechanical  stirrer.  The  mixture  was  kept  for  30  minutes 
witlt  cooling  and  stirring.  The  medium  was  alkaline.  After  acidification  an  oil  precipitated.  This  was  removed 
witli  ether  and  the  etl  er  solution  was  dried  with  sodium  sulfate,  after  which  it  was  concentrated  in  a  vacuum. 

The  remaining  oil  did  not  crystallize  in  water,  ligroin,  or  in  organic  solvents.  The  weight  of  tlie  oil  was  1.18  g 
(OO'Vo).  On  an  electrochromatogram  it  gave  a  yellow  spot  at  tlie  point  of  deposition  after  development  by 
benzidine. 

Found  C  65.01,  64.84;  H  8.01,  8.20;  N  5.13,  4.91.  CijHzsO^N.  Calculated  <7o;  C  65.17; 

H  7.91  N  4.77. 

Saponification  of  benzyl  carbethoxyleucine  and  Isolation  of  benzyl  carboxyleucine.  To  the  preparation 
of  benzyl  carbetlioxyleucine  (0.5  g)  was  added  30  ml  of  1  N  NaOil  and  tlie  mixture  was  heated  for  17  hours 
on  a  water  batli.  Solution  occurred.  After  acidification  with  1  N  hydrochloric  acid  an  emulsion  formed  which 
settled  out  as  an  oil.  The  oil  was  repeatedly  treated  with  water  and  dried  in  a  vacuum  desiccator  over  sulfuric 
acid.  On  the  electrochroniatogram,  it  gave  one  spot  at  the  point  of  deposition  after  development  with  benzidine. 

Found  <7o:  N  5.37,  5.50.  Ci4Hi504N.  Calculated  ^0:  N  5.28. 

7.  Benzyl  carbetlioxyvalylglycylglycine  ethyl  ester.  We  dissolved  0.4  g  of  benzyl  carbethoxyvaline  in 
15  ml  of  aiJiydrous  chloroform  in  tne  presence  of  0.20  ml  of  anliydrous  triethylamine.  To  the  solution,  cooled 
with  snow  and  salt,  we  added  0.14  ml  of  chlorocarbonic  ester.  The  mixture  was  kept  for  15  minutes  with  cooling 
and  stirring,  and  the  second  component  was  tlien  added— 0.23  g  of  glycylglycine  ethyl  ester  hydrochloride 
dissolved  in  anliydrous  chloroform  in  tlie  presence  of  0.20  ml  of  anliydrous  trietliylamlne.  The  mixture  was  kept 
in  the  cold  for  15-20  minutes,  and  tlien  overnight  at  room  temperature.  The  chloroform  solution  was  treated 
four  times  with  2  N  hydrochloric  acid  and  four  times  with  water  to  a  reg.itlvc  nirhydrin  reaction.  The  chloro¬ 
form  was  dried  with  sodium  sulfate  and  distilled  off  in  a  vacuum.  The  remaining  oil  was  dried  in  a  vacuum 
desiccator  over  sulfuric  acid.  On  the  electrochromatogram  under  tlie  conditions  described  above  it  gave  a  blue 
green  spot  at  the  point  of  deposition  after  development  by  benzidine  and  did  not  conuln  an  admixture  of  gly¬ 
cylglycine  ethyl  ether.  The  biuret  reaction  was  positive.  Yield  0.47  g  {80°!o). 

Found  <70:  N  9.68,  9.73.  C2iH3iOjN8.  Calculated  <70:  N  9.98. 

To  confirm  the  structure  we  studied  the  amino  acid  composition  by  the  method  of  paper  chromatography. 
We  carried  out  a  50  hour  hydrolysis  with  20^?  hydrochloric  acid.  On  die  paper  chromatogram  of  the  hydrolyzate 
(solvent  butanol-water-acetic  acid,  4:5:1),  developed  with  ninhydrln  and  benzidine,  we  found  valine  and 
glycine. 

8.  Benzyl  carbethoxyglycylalanylplienylalaiiine.  a)  To  0.38  g  of  benzyl  glycylalanylphenylalanine  In 
20  ml  of  anhydrous  chloroform  we  added  1.4  ml  of  anhydrous  triethylamine.  W'ith  cooling  and  stirring  we  added 
0.09  ml  of  chlorocarbonic  ester  and  allowed  the  mixture  to  stand  overnight  at  room  temperature.  Then  the 
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mixture  was  diluted  with  water  and  the  oil  which  precipitated  was  dissolved  in  dilute  acetic  acid;  the  solution 
was  allowed  to  stand  at  room  temperature.  After  a  week,  tlie  precipitated  crystals  were  filtered  off  and  repeatedly 
washed  with  water.  The  electrochromatogram  in  30%  CH3COOH  indicated  the  homogeneity  of  tlie  substance. 

The  resulting  benzyl  carbetlioxyglycylalanylphenylalanine  gave  a  positive  biuret  and  a  negative  picric  reaction, 
m.  p.  104*.  Not  described  in  the  literature. 

b)  One  g  of  benzylglycylalanylphenylalanine  was  dissolved  in  3.4  ml  of  1  N  NaOH  and  0.25  ml  of 
chlorocarbonic  ester  was  added  with  cooling  and  stirring  with  a  mechanical  stirrer.  The  mixture  stood  with 
cooling  and  stirring  for  30  minutes  and  was  then  acidified  with  hydrochloric  acid  and  tlie  oil  wliich  precipitated 
was  extracted  with  ether.  The  ether  solution  was  dried  witli  sodium  sulfate  and  concentrated  in  a  vacuum  to  an 
oily  residue  which  crystallized  into  a  wliltc,  crystalline  solid  when  rubbed  with  a  tod  under  llgtoin.  M.  p.  106*. 
Yield  0.9  g  (80%).  On  the  electrochromatogram  the  substance  showed  a  yellow  color  and  was  found  at  tlie 
point  of  deposition.  The  resulting  benzyl  carbeihoxyglycylalanylphenylalanine  gave  a  positive  biuret  reaction 
and  was  identical  in  properties  witli  the  one  obtained  under  conditions  of  mixed  anliydrides. 

Found  %:  C  63.53,  63.49:  H  6.70,  6.78;  N  8.76,  8.80.  C24H290gN3.  Calculated  %:  C  63.27; 

H  6.42;  N  9.18. 


SUMMARY 

1.  We  have  synthesized  tlie  benzylaminoaclds:  benzylphenylalanlne,  -leucine,  and  -valine. 

2.  We  have  syntliesized  the  undescribed  benzyl  catbethoxy-  and  benzyl  carboxyamino  acids:  benzyl 
catbetlioxyplienylalanine,  -leucine,  and  -valine,  benzyl  carboxyleucine  and  -valine. 

3.  We  have  obtained  tlie  undcscribed  bcnzyltripeptide  derivatives;  benzyl  carbetlioxyglycylalanyl- 
phenylalaninc  and  -valylglycylglycinc  (as  esters). 

4.  We  have  shown  die  formation  of  benzyl  carbedioxyamino  acids  in  carrying  out  the  peptide  synthesis 
with  bcnzylamino  acids  under  die  conditions  of  mixed  anliydrides  (with  chlorocarbonic  ester). 
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There  are  a  number  of  indications  in  the  literature  of  the  use  in  peptide  synthesis  of  a  series  of  simultaneous 
protective  groups,  tliat  is,  as  a  rule,  protective  groups  on  different  nitrogen  atoms.  Thus,  in  the  synthesis  of  the 
peptides  of  gramicidin  C  there  was  simultaneous  use  of  carbobenzoxy  and  tosyl,  trityl  and  tosyl  protectors  [Ij. 

As  to  tlie  use  of  double  protectors,  but  simultaneously  on  one  atom  of  nitrogen,  we  have  only  the  indication  of 
the  dibenzyl  group.  Compounds  wiili  two  protectors  have  been  described,  such  as  benzoyl  benzylglycylethylaniide 
L2J  (a),  but  they  have  not  been  used  in  tlie  peptide  synthesis. 

I 

CgHjCO— N('.ll.j< .( I-N,n  Vdl- 
(A) 

The  use  of  two  protective  groups  is  satisfactory  in  the  respect  that  in  removing  one  of  them  under  definite 
conditions  the  second  can  be  retained.  In  a  previous  communication  [3]  we  used  N- benzyl- N-carboethoxy 
protectors  for  the  amine  group.  N-Benzyl-carboethoxyaminoacidsobtainedby  us  are  suitable  for  synthesis  of 
peptides  by  the  method  of  mixed  anhydrides.  Thus,  we  have  shown  tlie  possibility  of  using  in  peptide  synthesis 
derivatives  of  amino  acids  with  double  protection  of  the  amine  group. 

Velluz  and  co-workers  [4]  first  used  tlie  method  of  mixed  anliydrides  for  the  syntliesis  with  dibenzyl  pro¬ 
tectors.  Peptides  with  monobenzyl  prot:;ctors  were  not  obtained  by  this  method,  and  their  synthesis  was  carried 
out  by  the  acid  chloride  method.  In  a  previous  communication  [3J  we  showed  tfiat  the  impossibility  of  the  use 
of  monobenzyl  derivatives  in  the  synthesis  of  peptides  was  connected  with  their  easy  carboethoxylation  under 
the  conditions  of  formation  of  mixed  anhydrides.  We  tried  to  find  conditions  for  getting  N-benzyltetra-  and 
pentapeptides  by  the  method  of  mixed  anhydrides,  witlt  preliminar\’  protection  of  the  hydrogen  on  the  nitrogen 
in  the  benzyl  group  and  thus  keeping  it  from  carboetlioxylation.  We  followed  die  plan  of  seeking  a  protector 
which  would  be  removed  under  milder  conditions  than  for  benzyl.  This  would  make  possible  the  retention  of  the 
benzyl  group  in  the  resulting  peptide.  Such  a  protector  was  the  carbobenzoxy  group,  which  is  easily  removed. 

Thus,  we  first  used  for  the  synthesis  of  benzylpeptides  a  combined  benzyl- carbobenzoxy  protector  for  the 
amine  group.  For  this  purpose,  we  worked  out  the  syntliesis  of  N-benzyl-carbobenzoxyamino  acids  and  peptides. 
It  consisted  in  the  action  of  carbobenzoxychloride  on  N-benzylamino  acids  or  peptides  in  an  alkaline  medium. 
The  reaction  takes  place  according  to  the  equation; 


Co  1 1 5CI I oNc 1 1  ( H  )coo  1 1  +  n 5C.  1 1 2(. )( ;— c,  1 


Naoil 


(V,ll-,<  lloNC,ll(M)C.()()ll 
*1 

COCK  ll2(V,ll.-,. 


Carbobenzoxychloride  and  N-benzylamino  acids  were  taken  in  equimolecular  amounts.  By  this  method, 
we  prepared  N- benzyl- carbobenzoxyphenylalanine,  -leucine,  and  -glycylalanylphenylalanine.  All  the  synthesized 
substances  were  obtained  in  yields  of  80-90*70.  N- Benzyl- carbobenzoxyphenylalanine  and  -leucine  were  oils  which 
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did  not  crystallize  In  water  or  under  nonaqueous  conditions.  In  distinction  from  them,  N-benzyl-carbobenzoxy- 
glycylalanylphenylalanine  was  a  solid  substance  with  m.  p.  94*.  The  preparations  of  N- benzyl- carbobenzoxy- 
amino  acids  were  used  furtlier  for  tlie  synthesis  of  N-benzyRarbobenzoxytripeptidesby  the  method  of  mixed 
anhydrides  which  we  had  already  carried  out  on  tire  N-benzyl-carboetlioxyamlno  acids.  The  synthesis  of  N- 
benzyl-carbobenzoxytripeptides  (esters)  was  carried  out  by  the  following  scheme. 


n 

I 

CflHjClla-N— CHCOOII 

I 

COOCII2QH5 


(:oor,H2(«i 


CICOOCjH, 


,0 


K’ 


U" 

I 


ColloCHz-N-ClU::^' 

I  NH.CHCONUCHCOOCjH, 

H  ’ 

H3C20-C4 

^0 


R  ir  R" 

I  I  I 

- »  QiH-.ClIz-NCIlCO-NllCIK'.O-NHCHCOOC^Ms 

I 

COOClI.^r-eMs 


As  a  result  we  obtained  the  ethyl  esters  of  N- benzyl- carbobenzoxytripeptides  whose  isolation  and  purifica¬ 
tion  were  carried  out  in  a  manner  analogous  to  tliat  of  the  N- benzyl- carbocthoxy  derivatives.  Both  the  trlpeptlde 
esters  synthesized  by  diis  method  were  obtained  in  high  yield  (90 and  were  noncrystallizing  oils,  easily 
soluble  in  organic  solvents  and  giving  the  biuret  reaction  (Xmax  rnp). 

N-Benzyl-carbobenzoxyamino  acids  and  peptides  are  very  soluble  in  organic  solvents,  wliich  is  very  im¬ 
portant  for  the  peptide  synthesis,  since  it  is  known  that  the  carbobenzoxy  peptides  (especially  the  higher  carbo- 
bcnzoxy  peptides)  can  not  be  used  at  all  in  peptide  synthesis  by  this  method  due  to  tlteir  poor  solubility  in 
organic  solvents. 


EXPERIMENTAL 

I.  Synthesis  of  N- Benzyl- Carbobenzoxyamino  Acids  and  Their  Derivatives 

1.  N- Benzyl- carbobenzoxy  leucine.  Two  g  of  N-benzylleucine  was  dissolved  in  18  ml  of  1  N  NaOH, 

With  cooling  and  stirring  an  equivalent  amount  (1.5G  g)  of  carbobenzoxychlorlde  was  added  to  the  solution. 
After  some  time,  precipitation  occurred.  The  mixture  was  kept  with  cooling  and  stirring  for  1.5  hours  and 
remained  overnight  at  room  temperature.  It  was  acidified  with  hydrochloric  acid  and  tlie  oil  which  precipitated 
was  removed  with  ether.  The  ether  solution  was  dried  with  sodium  sulfate  and  concentrated  in  a  vacuum.  The 
residual  oil  was  dried  in  a  vacuum  desiccator  over  sulfuric  acid.  On  the  electrochromatogram  (experimental 
conditions;  5  hours,  buffer  30 '7o  CH3COOH,  potential  gradient  6.8  v/cm)  after  development  with  benzidine 

it  gave  a  yellow  spot  at  the  point  of  deposition. 

2.  N- Benzyl- carbobenzoxy leucylalanylphenylalanine  (ethyl  ester).  We  dissolved  1,8  g  of  N-benzyl- 
carbobenzoxyleucine  in  20  ml  of  anliydrous  chloroform  in  the  presence  of  0.83  ml  of  anhydrous  triethylamine. 

To  the  cooled  solution  we  added  0.6  g  of  chlorocarbonic  ester.  The  mixture  was  kept  for  15  minutes  with 
cooling  and  stirring,  and  the  second  component  was  then  added,  1.5  g  of  alanylphenylalanine  ethyl  ester  hydro¬ 
chloride  dissolved  in  anliydrous  chloroform  in  tlie  presence  of  0.75  ml  of  anliydrous  triethylamine.  The  mixture 
remained  for  15-20  minutes  in  the  cold,  and  tlien  overnight  at  room  temperature.  The  chloroform  solution  was 
treated  with  2  N  hydrochloric  acid  and  then  with  water  to  a  negative  ninhydrin  reaction  in  the  filtrate,  dried 
with  sodium  sulfate,  and  concentrated  in  a  vacuum.  The  residual  oil  was  dried  in  a  vacuum  desiccator  over 
sulfuric  acid.  On  the  electrochromatogram  after  development  with  benzidine  it  gave  a  blue  green  spot  at  the 
point  of  deposition  and  did  not  contain  an  admixture  of  alanylphenylalanine  ediyl  ester.  The  biuret  reaction 
was  positive.  We  obtained  2.8  g  {.93^o). 

Found  <70;  C  69.90,  69.74;  il  7.03,  7.15;  N  7.15,  7.03.  C^H^aOeN,.  Calculated  <70:  C  69.88; 

H  7.20;  N  6.98. 
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To  show  the  structure  we  carried  out  a  study  of  tlie  amino  acid  composition  by  paper  chromatography. 

We  ran  a  50  hour  hydrolysis  of  the  substance  with  20*^0  hydrochloric  acid.  The  paper  chromatogram  of  the 
hydrolyzate  (solvent:  butanol-water-acetic acid  4:5:  1), developed  with  ninliydrin  and  benzidine,  showed 
leucine,  alanine,  and  phenylalanine. 

3.  N-Denzyl-carhobcnzoxy phenylalanine.  One  g  of  N-bcnzyl-phenyla!anine  was  dissolved  in  10  ml  of 

I  N  NaOIl.  Willi  cooling  and  stirring  0.85  ml  of  carbobenzoxychloride  was  added.  A  precipitate  was  formed 
in  the  alkaline  medium.  The  mixture  was  kept  for  40  minutes  witli  cooling  and  stirring  and  then  for  one  hour 
at  room  temperature.  Tlic  precipitate  was  washed  repeatedly  with  water,  dried,  and  then  treated  with  ether, 
upon  which  the  N- benzyl -carbobenzoxy phenylalanine  dissolved.  The  remaining  precipitate  (0.2  g)  was  un- 
reacted  N-benzylphenylalanine.  The  ether  solution  was  concentrated  in  a  vacuum.  The  residual  oil  was  de¬ 
posited  on  an  electrochromatogram.  It  showed  one  spot  at  the  point  of  deposition  after  benzidine  development, 
which  showed  the  homogeneity  of  die  substance. 

4.  N-  Benzyl-carbobenzoxyphcnylalanylalanylphenylalanine  (ethyl  ester).  We  dissolved  1.2  g  of  N- 
benzyl-carbobcnzoxyphenylalanine  in  18  ml  of  anliydrous  chloroform  in  the  presence  of  0.41  ml  of  anhydrous 
trietliylamine.  To  the  cooled  solution,  we  added  0.35  g  of  chlorocatbonic  ester.  The  mixture  was  kept  for 
15  minutes  with  cooling  and  stirring,  after  which  the  second  component  was  added  — 0.95g  of  alanylphenyl- 
alaninc  ethyl  ester  hydrochloride  dissolved  in  anhydrous  diloroform  in  the  presence  of  0.45  ml  of  anliydrous 
trietliylamine.  Isolation  was  carried  out  as  described  above.  On  die  elcctrochromatogram  the  substance  gave 
a  blue-green  spot  at  the  point  of  depositicn  after  development  with  benzidine,  and  contained  no  admixture  of 
alanylphenylalaninc  ediyl  ester.  The  resulting  ethyl  ester  of  N-benzylcarbobenzoxyphenylalanylalanylphenylalanine 
gave  a  positive  biuret  reaction.  Yield  1.73  g  (91%). 

Found  %:  C  71.60,  71.45;  il  G.43,  6.49;  N  5.90,  6.07.  Cagll^iOeNj.  Calculated  %:  C  71.81; 

II  6.45;  N  6.59. 

For  confirmation  of  the  structure  we  studied  the  amino  acid  composition  by  the  method  of  paper  chromato¬ 
graphy.  We  ran  a  48-liour  hydrolysis  of  the  substance  widi  20%  hydrochloric  acid.  On  die  paper  chromatogram 
of  die  hydrolyzate  (solvent:  butanol —water-acetic  acid  4:5:  1)  developed  with  ninliydrin  and  benzidine  we 
observed  phenylalanine  and  alanine. 

II.  Synthesis  of  N  -  Be  n  zy  1  -  C  a  r  b  ob  en  z  o  x  y  t  rl  pe  pt  ide  s 

1.  N-Bcnzyl-carbobenzoxyglycylalanylphcnylalanine.  To  1  g  of  N-benzyl-glycylalanylphenylalanine 
dissolved  in  3.4  ml  of  1  N  NaOH  was  auded  widi  cooling  and  stirring  0.45  ml  of  carbobenzoxychloride.  After 
40  minutes  the  solution  was  acidified  with  hydrochloric  acid  and  the  oil  which  precipitated  was  extracted  with 
edier.  The  edier  solution  was  dried  with  sodium  sulfate  and  the  ether  v;as  distilled  off.  T’.ie  remaining  oil 
crystallized  under  ligroin.  The  resulting  precipitate  was  filtered  and  dried  in  a  vacuum  desiccator  over  sulfuric 
acid.  M.  p.  94*.  Not  described  in  tlie  literature.  Yield  1.1  g  (84%).  Biuret  reaction  positive.  On  the  electro¬ 
chromatogram  it  showed  a  yellow  spot  at  the  point  of  deposition. 

Found  %:  C  66.89,  66.90;  H  6.14,  6.21;  N  7.79,  7.70.  C29H31O6N3.  Calculated  %:  C  67.28; 

H  6.04;  N  8.13. 

For  confirmation  of  the  amino  acid  composition  we  ran  a  50-hour  hydrolysis  of  tlie  substance.  On  the 
paper  chromatogram  of  tlie  hydrolyzate  widi  ninliydrin  development  we  observed  glycine,  alanine,  and  phenyl¬ 
alanine. 

2.  N-Benzyl-carbobcnzoxyleucylalanylphenylalanine.  To  a  cooled  solution  of  1  g  of  N- benzyl- leucyl- 
alanylphenylalanine  in  7.5  ml  of  1  N  NaOH  we  added  widi  stirring  0.73  ml  of  carbobenzoxychloride.  After 
30  minutes  the  alkaline  solution  was  acidified  widi  hydrochloric  acid  and  the  oil  which  formed  was  extracted 
with  ether.  After  dr\4ng  over  sodium  sulfate,  the  edier  was  distilled  off  and  the  remaining  oil  was  repeatedly 
treated  with  ligroin  until  the  odor  of  carbobenzoxychloride  disappeared  (decantation).  The  residual  oil  in  a 
vacuum  desiccator  over  P2O5  crystallized.  M.  p.  69-70*.  Not  described  in  die  literature.  Yield  0.9  g  (70%). 
Easily  soluble  in  alcohol,  ether,  chloroform,  and  other  organic  solvents.  Hygroscopic,  Biuret  reaction 
positive. 


Found  t/o;  C  69.05,  68.97;  H  7.30,  7.27;  N  7.12,  7.19.  C33H39O5N3.  Calculated '7o:  C  69.08; 

H  6.85;  N  7.32. 

To  test  the  homogeneity  of  the  substance  It  was  placed  on  an  electrochromatogram  in  SO’lo  CH3COOH  at 
a  potential  gradient  of  6  v/cm  for  6  hours.  After  development  with  benzidine  it  showed  one  spot  at  the  point 
of  deposition.  On  a  descending  chromatogram  (solvent,  aqueous  butanol)  we  observed  one  spot  with  Rf  =  0.90 
(developer,  benzidine). 

3.  N- Benzyl- carbobenzoxyleucylglycylglycine.  To  a  solution  of  1  g  of  N- benzyl- leucylglycylglyclne  in 
9  ml  of  1  N  NaOll  we  added  witli  cooling  and  stirring  0.96  ml  of  carbobcnzoxychloride.  Tlie  treatment  was 
analogous  to  that  for  N-bcnzyl-carbobcnzoxyleucylalanylphenylalanine.  The  oil  could  not  be  crystallized. 
Yield  0.65  g  {92io).  Not  described  in  die  literature.  Easily  soluble  in  organic  solvents,  hygroscopic.  Biuret 
reaction  positive.  Homogeneity  confirmed  by  electrophoresis.  One  spot  shown  by  benzidine  development.  On 
a  descending  chromatogram  (solvent,  aqueous  butanol)  widi  benzidine  development  it  showed  one  spot  with 
Rf  =  0.92. 

4.  N-Benzyl-carbobenzoxyvalylglycylglycine.  To  a  solution  of  0.5  g  of  N- benzyl- valylglycylglycine 
in  4.5  ml  of  1  N  NaOIl  we  added  with  stirring  and  cooling  0.5  ml  of  carbobcnzoxychloride.  The  reaction  was 
complete  after  five  hours  at  room  temperature.  Treatment  was  analogous  to  diat  described  above.  The  oil  was 
repeatedly  treated  with  ligroin.  Yield  0.4  g  (56 ^^o).  The  substance  was  easily  soluble  in  alcohol,  ether,  and 
chloroform.  Biuret  reaction  positive.  For  a  test  of  homogeneity,  the  substance  was  placed  on  an  electro- 
chromatogram  in  30%  CH3COOH  for  6  hours.  After  benzidine  development  it  showed  one  spot  at  the  place  of 
deposition.  On  a  descending  chromatogram  (solvent,  aqueous  butanol)  it  showed  one  spot  with  Rf  =  0.90. 

HI,  Use  of  N -  Be n zy  1  -  Ca rbobe nz o xy tripe  ptides  in  the  Synthesis  of  Peptides 

Tile  combination  of  N-benzyl-carbobenzoxytripeptides  with  esters  of  amino  acids  and  dipeptides  was 
carried  out  analogously  witli  tlie  synthesis  of  peptides  by  the  method  of  mixed  anhydrides. 

Etliyl  ester  of  a  tetrapeptide  (N-benzyl-carbobenzoxyleucylalanylphenylalanylglycine).  We  dissolved 
0.56  g  of  N- benzyl- carbobenzoxyleucyalanylphenylalanine  in  anhydrous  chloroform  and  added  0.2  ml  of 
trie  thy  famine.  To  the  solution,  cooled  to  0*,  we  added  0.13  ml  of  chlorocarbonic  ester.  After  10  minutes 
we  added  in  portions  witli  stirring  0.13  g  of  glycine  etliyl  ester  hydroch'oride  in  anhydrous  chloroform  and 
0.2  ml  of  triethylamine.  The  mixture  was  kept  cold  for  one  hour  and  stood  overnight  at  room  temperature. 
The  chloroform  solution  was  treated  successively  with  1  N  hydrochloric  acid,  water,  3%  sodium  bicarbonate 
solution,  and  again  witli  water  to  negative  ninhydrin  reaction  in  the  wash  solution,  dried  over  ignited  sodium 
sulfate,  and  concentrated  in  a  vacuum.  The  resulting  oil  could  not  be  crystallized.  Yield  0.54  g  (85%). 
Soluble  in  alcohol,  chloroform,  and  gives  a  positive  biuret  reaction. 

Found  %:  N  8.25,  8.34.  C3TH43O7N4.  Calculated  %;  N  8.50. 

SUMMARY 

1.  We  have  synthesized  the  following  N- benzyl- carbobenzoxytripeptides:  N-benzyl-carbobenzoxy- 
glycylalanylphenylalanine,  -leucylalanylphenylalanine,  -leucylglycylglyclne,  and  -valylglycylglycine. 

2.  We  have  shown  die  possibility  of  using  N-benzyl-carbobenzoxytripeptides  in  peptide  synthesis  by  the 
method  of  mixed  anliydrides  in  the  example  of  the  ethyl  ester  of  a  tetrapeptide. 
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In  previous  communications  of  this  series  we  have  shown  that  hexamethyleneimine  is  a  very  reactive 
substance,  entering  into  reactions  with  various  halogen  compounds  with  formation  of  tertiary  amines  [1],  amides 
1.2],  and  esters  of  N-hexamethyleue  amino  acids  [3].  Using  die  ability  of  hexamethyleneimine  to  react  easily 
widi  halogen  compounds,  we  have  tried  to  obtain  esters  of  8 -N-hcxamethylene  aminoethyl  alcohol  by  reaction 
of  die  esters  of  8 -chloroethyl  alcohol  widi  hexamethyleneimine. 

HC<lOCIl2CIl2Cl -I-  JfCllaloMI  -H.  UCOOCIIaClloNfOllala  f  ((:il2)oMI  f  HC,. 

The  syndiesis  of  esters  of  8 -N-hexamethylene  aminoethyl  alcohol  is  also  of  interest  because  among  these 
compounds  diere  could  be  substances  with  anesthetizing  action  like  other  compounds  of  the  general  formula 
RCCX)CH2CH2NR’2.  The  constants  of  the  esters  of  8 -N-hexamethylene  aminoethyl  alcohol  which  we  have  ob¬ 
tained  are  given  in  die  table. 


Acid  group  in  es-  ! 
ter  of  6  -  N-hexa¬ 
methylene  amino- 1 
ethyl  alcohoL-  ' 

1 

Temperature  | 
(pressure  inmm^ 

Formic 

120-122^(6) 

1 

1.4217 

1.0320 

Acetic 

If >4 — 166  (6i 

1.4S12 

1.0102 

n-Butyric 

143-144(81 

1.4432 

1.0072 

Methacrylic 

!l!i— 101  (7t 

1.3'.i4't 

O.OS43 

Phenylacetic 

240-242(31 

1.6451 

1.1456 

Benzoic 

210-211  (6) 

1 .464 1 

1  1.0014 

Salicylic 

lSl-lS6(2i 

1..5271 

1  1 .0251 

4-Methoxybenzoic 

143-141(7) 

1.3040 

1.0710 

2,4-Dichloro- 

benzoic 

173-174(4. 

1.4032 

1.1401 

EXPERIMENTAL 

Method  of  performing  the  experiments.  A  solution  of  hexamethylene  imine  in  benzene  or  toluene  was 
placed  in  a  three- necked  flask  fitted  widi  a  stirrer,  reflux  condenser,  and  dropping  funnel,  and  to  it  was  gradually 
added  with  stirring  die  8 -chloroethyl  ester  of  tlie  corresponding  acid.  The  reaction  mixture  was  heated  on  a 
boiling  water  badi  for  two  to  three  hours  and  allowed  to  stand  overnight.  The  crystals  of  hexamethyleneimine 
hydrochloride  were  filtered  off,  the  solvent  was  distilled  from  the  solution,  and  the  residue  was  distilled  in  a 
vacuum.  The  separated  esters  of  8 -N-hexamethylene  aminoethyl  alcohol  were  repeatedly  distilled  in  a  vacuum. 
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fl -N-hexamethylcne  aminoethyl  formate  was  obtained  from  165  g  of  hexamethylenelmine  in  250  ml  of 
toluene  and  80  g  of  3 -chlorocthyl  formate  (b.  p.  127-128®,  n^°D  1.2740,  d^jg  1.016);  yield  45  g  (35%). 

Found  %:  N  8.36,  8.29.  C9II17O2N.  Calculated  %:  N  8.18. 

Picrate,  m.  p.  123-124*  (from  alcohol). 

Found  %:  N  13.94,  13.87.  CijIIzoO^N^.  Calculated  %:  N  14.00. 

8-N-hexametliylcne  aminoetliyl  acetate  was  obtained  from  140  g  of  hexamethylenelmine  in  250  ml  of 
toluene  and  80  g  of  S-chloroethyl  acetate  (b.  p.  145*,  n^°D  1.4810,  d^2o  1.1742);  yield  54  g  (44%). 

Picrate,  m.  p.  163-164*  (from  alcohol). 

Found  %;  N  13.54,  13.39.  Ci6H220^4.  Calculated  %:  N  13.52. 

t 

8 -N-hexametliylene  aminoetliyl  n-butyrate  was  obtained  from  56  g  of  hexamethyleneimine  in  100  ml  of 
toluene  and  36  g  of  8 -chlorocthyl  n- butyrate  (b.  p.  82-84*  at  4  mm,  n^°D  1.4250,  d^2o  1.0691);  yield  34  g 
(67%). 

Picrate,  m.  p.  156-157*  (from  alcohol). 

Found  %:  N  12.83,  12.58.  C18H28O9N4.  Calculated  %:  N  12.67. 

6-N-hexametliyleneaminoethyl  methacrylate  was  obtained  from  230  g  of  hexamethyleneimine  in  250  ml 
of  benzene  and  175  g  of  8- chloroetliyl  methacrylate  (n^°D  1.2353,  d^2o  1.0430);  yield  117  g  (45%). 

8-N-hexamctJiylene  aminoethyl  phenylacetate  was  obtained  from  56  g  of  hexamethyleneimine  in  100  ml 
of  toluene  and  53  g  of  8 -chloroetliyl  phenylacetate  (b.  p.  137-139*  at  7  mm,  n^°D  1.5460,  d^20  1.1580); 
yield  35  g  (45%). 

Picrate,  m.  p.  172*  (from  alcohol). 

Found  %:  N  11.22,  11.31.  C22H260»N4.  Calculated  %:  N  11.43. 

8 -N-hexamctliylene  aminoethyl  benzoate  was  obtained  from  112  g  of  hexamethyleneimine  in  250  ml 
of  toluene  and  65  g  of  8- chloroethyF benzoate  (b.  p.  259-  260*,  n^D  1.3782,  d^°20  1.0741);  yield  42.5  g 
(49%). 

Picrate,  m.  p.  139*  (from  alcohol). 

Found  %:  N  12.08,  11.84.  C2iHaOjN4.  Calculated  %:  N  11.76. 

8-N-hexamethylene  aminoethyl  salicylate  was  obtained  from  65  g  of  hexametliyleneimine  in  100  ml 
of  benzene  and  64  g  of  8 -chlorocthyl  salicylate  (b.  p.  137-139*  at  7  mm,  n^°D  1.3990,  d^’’20  1.0171); 
yield  14  g  (16.7%). 

Picrate,  m.  p.  176*  (from  alcohol). 

Found  %:  N  11.24,  11.29.  C2in240ioN4.  Calculated  %:  N  11.38. 

8-N-hexametliylene  aminoetliyl  4-methoxybenzoate  was  obtained  from  20  g  of  hexamethyleneimine  in 
50  ml  of  toluene  and  22  g  of  8 -chlorocthyl  4-methoxybenzoate  (b.  p.  194-196“  at  7  mm,  n^°D  1.3372, 
d“2o  1.1041);  yield  13.7  g  (48%). 

Picrate,  m.  p.  123-124*  (from  alcohol). 

Found  %:  N  11.32,  11.24.  C22H26O10N4.  Calculated  %;  N  11.06. 

8-N-hexametliylene  aminoethyl  2,4-dichlorobenzoate  was  obtained  from  54  g  of  hexamethyleneimine 
in  100  ml  of  toluene  and  45  g  of  8 -chlorocthyl  2,4-dichloroctliylbenzoate  (b.  p.  142-144*  at  4  mm, 
n“D  1.3911,  d^°2o  1.1049);  yield  24  g  (43%). 

Picrate,  m.  p.  154*  (from  alcohol). 

Found  %:  N  10.49,  10.53.  C21H22O9N4CI2.  Calculated  %:  N  10.28. 
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SUMMARY 


We  have  syntliesized  and  characterized  nine  esters  of  B -N-hexamethylene  aminoethyl  alcohol  which 
have  not  been  described  in  the  literature. 
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The  local  anesthetic  xylocaine,  introduced  into  medical  practice  abroad,  is  a-diethylaminoacetyl-2,6- 
dlmethylaniline  hydrochloride.  Xylocaine  has  all  the  aspects  of  a  local  anesthetic,  long  action,  and  slight 
toxicity,  vdilch  actually  distinguished  it  from  other  local  anesthetics  [Ij.  The  synthesis  of  xylocaine  and  its 
analogs  has  been  tire  subject  of  a  number  of  studies  of  which  we  cite  two  reviews  in  tlie  bibliograjjliy  [2,  3], 

The  preparation  of  xylocaine  involves  the  use  of  the  difficultly  obtained  vicinal  m-xy Udine  (2,6- dimethyl- 
aniline)  since  the  introduction  of  the  amino  group  between  the  two  methyl  groups  of  m- xylene  results  in  small 
yields  of  vicinal  m-xylidine  because  of  spacial  difficulties  [4,  5].  The  latter  can  be  isolated  from  a  technical 
mixture  of  xylidincs  (its  content  in  tliis  mixture,  according  to  [4j,  is  2-3'7p).  A  method  has  been  described  for 
nitration  of  m- xylene  under  conditions  which  permit  getting  a  higher  yield  of  2,6-dimethylnitrobcnzene  [6], 
the  intermediate  product  for  getting  vicinal  m-xylidine.  Patents  have  been  granted  on  processes  for  isolation 
of  this  substance  from  mixtures  of  xyiidines  [7,  8J. 

We  have  tried  to  obtain  vicinal  m-xylidine  by  the  method  described  in  [9J.  However,  because  of  the 
absence  of  experimental  data  in  the  report,  we  have  not  been  able  to  repeat  the  synthesis.  Moreover,  this 
method  involves  Uie  use  of  hydrogen  sulfide.  In  seeking  a  suitable  path  for  synthesis  of  vicinal  m-xylidine, 
we  felt  it  expedient  to  try  to  obtain  it  by  removal  of  a  methyl  group  in  nitromesitylene,  which  is  a  commercial 
product  of  the  domestic  chemical  industry.  Nitromesitylene  has  been  oxidizxd  into  3,5-dimctliyl-4-nitrobenzolc 
acid  (10,  llj  which  then  in  the  presence  of  a  catalyst  undergoes  decarboxylation. 


N02 

N02 

N02 

NH2 

II3 

Cn/V.Ha 

Cliy'^.CHa 

1  1 

- ^ 

\/ 

CH3 

1  1 
\/ 
UOUII 

1  1 

\/ 

1  1 
\/ 

(1) 

(II) 

(III) 

(IV) 

We  obtained  the  best  results  by  carrying  out  the  decarboxylation  reaction  in  a  medium  of  quinoline  at  its 
boiling  point  and  in  the  presence  of  a  mixture  of  copper  powder  and  copper- chromium  catalyst.  By  the  reduction 
of  the  resulting  2,0-dimethylnittobenzene  by  iron  filings  in  dilute  acetic  acid  we  obtained  vicinal  m-xylidine 
which  was  characterized  by  its  acetyl,  formyl,  and  chloroacetyl  derivatives.  From  the  latter  compound  by  the 
usual  metliod  described  in  the  literature  (replacing  the  chlorine  of  the  chloroacetamide  group  by  the  diethyl- 
amino  group)  we  obtained  a-diethylaminoacetyl-2,6-dimethylanilinc.  Wlien  hydrogen  chloride  acted  on  it, 
it  gave  the  corresponding  hydrochloride.  The  xylocaine  obtained  in  this  way  was  identical  in  its  physicochemical 
and  pharmacological  properties  with  xylocaine  described  in  [Ij. 

In  the  production  of  nitromesitylene  by  nitration  of  mesitylene  with  nitric  acid  we  can  expect  formation 
of  nitromesitylenic  acid  as  a  by-product,  as  a  result  of  the  oxidizing  action  of  nitric  acid.  From  this  by-product 
of  the  reaction  we  can  obviously  isolate  3,5-dimetliyl-4-nitrobenzoic  acid  needed  for  the  syntliesis  of  vicinal 
m-xylidine. 
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EXPERIMENTAL 


3,5- Dimcthyinitrobenzoic  acid  (II)  was  obtained  by  oxidizing  40  g  of  nitronicsitylene  (1)  with  28  g  of 
chromic  anhydride  in  acetic  acid  [lOj.  Yield  G.2  g  (43.5^c),  m.  p.  215*  (from  absolute  alcohol).  We  re¬ 
covered  28  g  of  nitromesitylene. 

2,G- Dimethylnitrobenzene  (Ill).  We  heated  11.8  g  of  (II),  0.5  g  of  copper-cluomlum  catalyst,  and 
0.15  g  of  copper  powder  in  30  ml  of  dry  redistilled  quinoline  in  a  flask  fitted  with  a  reflux  air  condenser.  At 
about  210*  evolution  of  bitbbles  of  carbon  dioxide  gas  began.  The  tem|x?rature  was  increased  to  the  boiling 
point  of  quinoline  and  tlie  mixture  was  boiled  for  four  hours.  After  eooling,  the  reaction  mass  was  acidified  to  an 
acid  reaction  to  Congo  with  dilute  (1  :1)  hydrochloric  acid, and  2,G-dimetliylnitrobenzene  was  distilled  with 
steam.  The  distillate  was  extracted  several  times  with  etlicr,  the  ether  extract  was  dried  with  calcium  chloride 
and  die  ether  was  distilled  otf.  llie  residue  was  distilled  at  ordinary  pressure.  We  obtained  5.05  g  (54.5*70)  of 
a  light  yellow  oil,  b.  p.  223“  at  754  mm;  according  to  die  data  of  [12j,  b.  p.  225*  at  744  mm, 

2,G- Dimethylaniline  (vicinal  m-xylidine)  (IV).  We  placed  5.0  g  of  (111),  20  ml  of  acetic  acid,  and 
10  ml  of  water  in  a  three- necked  flask  fitted  with  a  stirrer  and  reflux  condenser.  The  mixture  was  heated  on 
a  boiling  water  bath  and  over  8  hours  with  good  stirring  we  added  5  g  of  iron  filings  in  small  portions.  After 
addition  of  the  filings,  the  water  in  the  bath  was  saturated  widi  salt,  and  the  reaction  mass  was  heated  for  two 
hours  more  without  stopping  die  stirring.  The  cooled  mixture  was  made  alkaline  with  calcined  soda  and 
distilled  witli  steam.  The  distillate  was  saturated  with  sodium  chloride  and  extracted  with  ether.  The  ether 
extract  was  dried  with  ignited  potash  and  after  distillation  of  the  ether  the  residue  was  distilled  at  ordinary 
pressure.  We  obtained  3.52  g  (88 *7o)  of  light  yellow  oil,  b.p.  212-213*  at  737  mm,  n^D  1.5G1  (literature 
data:  n2°D  1.558  [9J,  b.  p.  214*  at  739  mm  [12]). 

Acetyl  derivative,  m.  p.  176.5*. 

Found  *7o:  C  73.73,  73.79;  H  8.12,  8.08.  CjoIIiaON.  Calculated  C  73.53;  H  8.03. 

Fornn'l  derivative,  m.  p.  163*  (slow  melting).  According  to  the  literature  data;  m.  p.  164-165*  (slow 
melting),  m.  p.  1 76-177*  (rapid  melting)  [13].  Marcus  et  al.  give  m.  p.  164-165*  [9]. 

a-Chloroacetyl-2,6-dimcihylaniline,  m.  p.  144.5-146*;  according  to  [1],  m.  p.  146*. 

a- Dicthylaminoacetyl- 2,6- dimethylaniline  (xylocaine).  A  solution  of  1.4  g  of  chlotoacety  1-2,6- dimethyl- 
aniline  and  1.7  g  of  diethylamine  in  15  ml  of  anhydrous  toluene  was  heated  for  three  hours  in  a  flask  with  a 
reflux  condenser.  After  cooling,  the  solution  was  filtered  from  diethylamine  hydrochloride,  toluene  and  excess 
diethylamine  were  distilled  off  in  die  vacuum  of  die  water  pump,  and  the  residue  was  dissolved  in  lO^o  hydro¬ 
chloric  acid.  The  hydrochloric  acid  solution  was  treated  widi  activated  charcoal,  filtered,  and  the  filtrate  was 
made  alkaline.  The  oil  tvhich  separated  was  extracted  with  ether.  The  ether  extract  was  dried  with  ignited 
potash  and  the  edier  was  distilled  off.  The  residue  quickly  crystallized.  We  obtained  1.4  g  (85%)  of  an  almost 
colorless  substance  with  m.  p.  62-63*;  after  recrystallizing  from  aqueous  alcohol  and  drying  over  phosphoric 
anhydride  in  a  vacuum  it  melted  at  67-69*  (according  to  [1]:  m.  p.  68-69*).  The  hydrochloride  was  obtained 
by  addition  of  an  ether  solution  of  hydrogen  chloride  to  the  ether  solution  of  a- diethylaminoacetyl- 2,6- dimethyl¬ 
aniline.  It  was  twice  recrystallizcd  from  a  mixture  of  ethyl  acetate  and  alcohol  and  dried  in  a  vacuum  at  100* 
over  phosphoric  anhydride  and  melted  at  127-128"  (according  to  [1] ;  m.  p.  128-129").  ’t  is  interesting  that 
after  careful  drying  under  these  conditions,  xylocaine  loses  its  hygroscopicity. 

Found  %;  C  62.05,  62.08;  H  8.76,  8.62;  N  10.65,  10.53.  Cj^HjaGNjCl.  Calculated  %;  C  62.09; 

H  8.56;  N  10.35. 

SUMMARY 

We  have  found  a  new  path  for  the  synthesis  of  xylocaine,  starting  from  3,5- dimethyl- 4- nitrobenzolc  add, 
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2  - (o-HY  DR  OXYPHE  NY  D- BENZIMIDAZOLE 
I.  S.  Ioffe  and  D.  N.  Glebovskii 

Translated  from  Zhurnal  Obshchei  Knimil,  Vol.  30,  No.  4,  pp.  1158-1160,  April,  1960 
Original  article  submitted  March  23,  1959 


In  tire  reduction  of  die  o-nitroanilide  of  salicylic  acid  (1)  by  tin  in  the  presence  of  hydrochloric  acid, 
Hubner  [Ij  obtained  as  the  final  reaction  product  2-(o-hydtoxyphcnyl)-benzlniidazole  (III).  The  yield  of  product 
was  not  given,  only  the  melting  point  of  222.5".  We  can  assume  tliat  the  reaction  takes  place  tluough  an  inter¬ 
mediate  stage  of  formation  of  the  o-aminoanilide  of  salicylic  acid  (II). 


However,  compound  (II)  has  not  been  isolated  until  now.  Probably  under  the  conditions  of  running  the 
reaction  the  o-aminoanilide  of  salicylic  acid  (II)  formed  in  the  reduction  under  the  influence  of  hydrochloric 
acid  undergoes  the  reaction  usual  for  such  compounds  leading  to  intramolecular  condensation  with  closure  of 
tile  Imidazole  ring  and  formation  of  2- (o-hydroxyphenyl)- benzimidazole. 

In  the  reduction  of  the  o-nitroanilide  of  salicylic  acid  by  sodium  hydrcsulfite  in  an  alkaline  medium  we 
succeeded  in  stopping  tire  reduction  reaction;  we  thus  obtained  a  30%  yield  of  the  o-amino  anilide  (11)  in  the 
form  of  white  crystals  which  melted  at  156*.  When  boiled  with  liycirochloric  acid  tliis  amino  compound  was 
quantitatively  converted  into  2- (o- hydroxy phenyl)-bcnzimidazole  which  melted  at  239*. 

We  repeated  the  reduction  of  tlie  o-nitroanilide  by  tin  according  to  IlGbner  and  thus  obtained  a  product 
with  a  lower  melting  point  which  slowly  rose  after  repeated  recrystallizations  from  alcohol.  After  a  supple¬ 
mentary  purification  of  die  product  by  solution  in  alkali  and  precipitation  from  solution  by  acetic  acid  with 
later  recrystallization  from  alcohol  we  obtained  2- (o-hydroxyphenyO- benzimidazole  with  m.  p.  239-  240*. 

2- (o-Hydroxyphenyl)- benzimidazole  was  also  obtained  by  condensation  of  salicylamide  with  o-phenylene- 
diamine;  die  yield  on  this  reached  30%;  the  melting  point  was  242*  [2]. 

We  studied  the  possibility  of  using  other  salicylic  acid  derivatives  for  the  synthesis  of  2-(o-hydtoxyphenyl)- 
benzimidazole.  A  very  good  result  was  obtained  in  the  reaction  of  o-phcnylenediamine  with  the  phenyl  ester 
of  salicylic  acid  (salol)  by  die  mediod  which  we  used  for  obtaining  various  arylides  of  salicylic  acid  [3).  When 
we  fused  a  mixture  of  equimolecular  amounts  of  salol  and  o-phenylenediamine  for  5-6  hours  at  180*,  we  ob¬ 
tained  2- (o-hydroxyphenyl)- benzimidazole  of  high  purity  in  a  yield  of  90%.  It  is  wordiy  of  attention  that  the 
reaction  of  o-phenylencdiamine  widi  m.ediyl  salicylate  occurs  with  strong  tarring  and  the  yield  of  the  final 
product  does  not  surpass  15%.  Assuming  that  a  high  yield  of  product  using  salol  is  favored  by  die  phenol  formed 
in  the  reaction,  we  carried  out  die  condensation  of  o-phenylenediamine  widi  salicylic  acid  Itself  in  boiling 
phenol;  however,  in  this  case  the  yield  of  2- (hydroxyphenyl)- benzimidazole  did  not  reach  5%.  An  analogous 
result  was  obtained  in  the  use  of  other  high  boiling  solvents  (isoamyl  alcohol,  naphthalene). 
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A  considerably  better  effect  was  obtained  in  tlte  reaction  of  o-phenylenediamine  with  salicylic  acid  in  the 
presence  of  some  dehydrating  media.  In  tlte  use  of  phosphorus  pentachloride  the  yield  of  2-(o-hydtoxyphenyl)- 
benzimidazole  reached  30*70,  witlt  phosphorus  trichloride,  70%,  and  with  phosphorus  pentoxide,  over  90%.  In 
the  last  case,  the  reaction  was  carried  out  in  the  absence  of  a  solvent  and  was  completed  in  10-15  minutes. 

Such  a  process,  equal  to  dtat  with  salol,  can  be  recommended  for  preparative  securing  of  2-arylbenzimidazoles. 

2-(o-Hydroxyphenyl)- benzimidazole  is  obtained  after  recrystallization  from  benzene  in  the  form  of 
colorless,  well  formed  plates,  from  alcohol  in  the  form  of  white  needles  which  melt  sharply  at  239-2^10*.  The 
blue-violet  fluorescence  of  the  alkaline  solution  of  this  compound  is  noteworthy,  while  tlte  acid  solution  does 
not  fluoresce.  Tliis  permits  us  to  use  2- (o-hydroxy phenyl)- benzimidazole  as  a  fluorescent  indicator  in  the 
titration  of  colored  or  opaque  solutions  witlt  illumination  by  ultraviolet  light  [4j. 

2- (o-Ilydroxyphenyl)- benzimidazole  gives  salts  with  both  acids  and  bases.  The  alkali  salts  of  the  com¬ 
pound  are  easily  soluble  in  water  while  solution  of  tlte  hydrochloride  in  water  produces  hydrolysis  and  precipitation 
of  the  hydroxyphcnylbcnzimidazolc  base. 

The  spacial  nearness  in  2-(o-hydroxyphenyl)-benzlmidazole  of  the  hydroxyl  group  and  the  nitrogen  atom 
of  tlte  heterocyclic  nucleus  make  possible  reaction  with  ions  of  heavy  metals  with  the  formation  of  intramolecular 
complexes.  According  to  the  literature  [4j,  2-(o-hydroxyphenyl)-benzimidazole  is  used  for  tlte  isolation  of 
mercury  from  solutions  of  its  salts. 


EXPERIMENTAL 

Salicylic  acid  o-nitroanilide.  Equimolecular  amounts  of  o-nitroaniline  and  salol  were  fused  at  180*  for 
8  hours.  Wlten  the  melt  had  cooled,  it  was  dissolved  in  alkali.  The  product  was  precipitated  from  solution  by 
acetic  acid,  filtered,  washed  wiili  hot  water,  and  recrystallized  from  alcohol.  Yield  60%,  m.  p.  156*. 

Salicylic  acid  o-aminoanilide.  Twenty  g  of  salicylic  acid  o-nitroanilide  was  dissolved  in  250  ml  of 
10%  sodium  hydroxide,  500  mi  of  water  was  added,  and  tlte  solution  was  heated  to  80".  To  the  hot  orange 
solution  was  added  in  portions  22  g  of  sodium  hydrosulfitc,  and  the  solution  became  decolored.  It  was  filtered 
and  acetic  acid  was  added  to  precipitate  salicylic  acid  o-aminoanilide.  After  recrystallization  from  alcohol 
the  o-aminoanilide  was  obtained  in  the  form  of  colorless  needles  with  m.  p.  156-157*. 

Found  %:  11  12.34,  12.46.  C13II12O2N2.  Calculated  %:  N  12.29. 

2-(o-Hydroxyphenyl)-benzimidazole.  a)  Salicylic  acid  o-aminoanilide  was  boiled  in  hydrochloric  acid 
solution  for  two  hours.  Then  the  excess  acid  was  neutralized  with  alkali.  The  precipitated  product  after  re¬ 
crystallization  from  alcohol  melted  at  238-239*.  Yield  quantitative. 

b)  Equimolecular  amounts  of  o-phenylenediamine  and  salol  weie  fused  for  five  hours  at  180*.  The  phenol 
which  separated  in  the  reaction  was  distilled  off  and  the  melt  was  dissolved  in  10%  alkali.  From  the  alkaline 
solution  by  addition  of  acetic  acid  we  separated  2-(o-hydroxyphenyl)- benzimidazole.  Yield  90%.  After  re- 
crystallization  from  alcohol  die  product  melted  at  238-239*. 

Found  %:  N  13.19,  13.32.  C^allioONg.  Calculated  %;  N  13.33. 

c)  Equimolecular  amounts  of  salicylic  acid,  o-phenylenediamine,  and  phosphoric  anhydride  were  carefully 
mixed  in  a  round- bottomed  flask  and  die  mixture  was  heated  until  reaction  began.  Further  heating  was  not  used, 
since  the  condensation  reaction  proceeded  with  evolution  of  a  large  amount  of  heat.  The  resulting  melt  was 
dissolved  in  sodium  hydroxide,  and  from  the  solution  2-(o-hydroxyphenyl)-benzimidazole  was  precipitated  widi 
acetic  acid.  Yield  about  90%;  after  recrystallization  from  alcohol,  m,  p.  238-239*. 


SUMMARY 

1.  By  reduction  of  salicylic  acid  o-nitroanilide  widi  sodium  hydrosulfite  in  an  alkaline  solution  we  have 
obtained  salicylic  acid  o-aminoanilide,  which  by  heating  with  hydrochloric  acid  is  cyclized  to  the  imidazole 
ring  with  formation  of  2- (o-hydroxyphenyl)-benzimidazole. 
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2.  To  obtain  2-(o-hydroxyphenyl)-benzimidazole  preparatively  It  is  more  satisfactory  to  fuse  o-phenylene- 
dianiine  wiili  salol  or  with  salicylic  acid  in  tlie  presence  of  phosphorus  pentoxide. 
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EXCHANGE  REACTIONS  OF  CH  LORI  NE  -  C  O  NT  A  I  N I  NG  TELOMERS 


OF  DIENE  HYDROCARBONS 

1.  REACTIONS  BETWEEN  SOME  LOWER  TELOMERS  OF  DIENE  HYDROCARBONS 
AND  AMINES 

A.  A.  Petrov,  N.  A.  Razumova,  M.  L.  Genusov, 

and  T.  V.  Yakovleva 

Lensovet  Leningrad  Technological  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1160-1165,  April,  1960 
Original  article  submitted  March  11,  1959 

In  a  number  of  communications  from  our  laboratory  we  have  described  reactions  of  telomers  of  divinyl, 
isoprene,  pipctylenc,  and  chloroprcne  witli  piperylene  hydrochloride  (2-chloro- 3-pentene),  the  characteristic 
of  which  is  ilie  formation  of  considerable  amounts  of  lower  telomers,  that  is,  simple  adducts  of  2-chloro- 3- pcntene 
to  dienes.  In  tlieir  structures  they  are  isomers,  homologs,  or  analogs  of  geranyl  chloride  [1]. 

In  the  literature  in  recent  years  much  attention  has  been  devoted  to  the  behavior  of  allyl  halogen  derivatives 
in  various  reactions  of  nucleophilic  substitution  [2J.  The  adducts  of  2- chloro- 3- pentene  to  dienes  ate  also,  in 
their  structures,  allyl  halogen  derivatives.  Therefore,  it  was  interesting  to  study  their  relation  to  nucleophilic 
reagents,  especially  to  primary  and  secondary  amines.  As  a  result  of  these  reactions,  here  we  can  expect  forma¬ 
tion  of  two  types  of  compounds  with  different  arrangements  of  tlte  double  bonds  (A  and  B). 

K  11 

I  I 

CH3— cii=cii-cii-cii2-c— cn=cii2  cii3--ai-<di-rji--(:ii2--c’— CH---CH2-Nn., 

II,  I 

C1I3  N1I2  CH3 

(A)  (B) 

It  was  previously  shown  tliat  for  estimation  of  the  nature  of  tlie  multiple  bonds  in  the  telomer  molecule 
we  could  successfully  use  tlte  infrared  spectra.  We  also  used  tliis  method  in  the  present  work.  The  conclusions 
on  tlie  structure  of  die  products  of  exchange  reactions  between  telomers  and  primary  and  secondary  amines  were 
made  on  the  basis  of  analysis  of  infrared  spectra  in  the  regions  1650-1670,  900-1000,  and  about  6100  cm'*^. 

As  is  known,  die  vinyl  group  (isomer  A)  has  a  frequency  of  valence  oscillation  for  the  double  bond  of  about 
1640  cm’^  and  two  frequencies  of  deformation  CH  -  oscillation  in  the  region  900-1000  cm"^.  Also  very 
characteristic  for  these  groups  is  a  harmonic  at  about  6100  cm'^.  The  double  bond  in  compounds  of  the  second 
type  —  CH=CH  -  (isomer  B)  has  corresponding  frequencies  1660  and  960-970  cm’^.  The  harmonic  in  this 
compound  for  the  region  6100  cm*^  is  absent. 

The  work  was  carried  out  with  three  amines- diethylamine,  dibutylamine,  and  butylamine-and  four 
telomers  of  2- chloro- 3- pentene  with  divinyl,  isoprene,  piperylene,  and  chloroprcne. 

In  the  telomerization  of  2- chloro- 3- pentene  widi  divinyl  we  obtained  in  very  similar  amounts  both  possible 
allyl  isomers  (I  and  II). 
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(:h3— {:ii==--cii— r.ii— Clio— r.iir.i—ciir^ciu  CII3— i:ii=('ii— cii— cii^— cii=r,ii— CH2CI 


Hence,  in  this  case  we  can  study  the  exchange  reaction  with  each  telomer  separately. 

The  experiments  showed  that  the  allyl  isomers  (1)  and  (II)  with  secondary  amines  form  the  same  reaction 
product  of  type  B.  The  double  bond  in  the  infrared  spectrum  of  the  reaction  product  has  only  one  very  weak 
frequency  of  1662  cm"^  and  one  intense  deformation  frequency  at  973  cm"^.  The  harmonic  at  6100  cm'^  was 
not  found. 

Hence,  reaction  with  isomer  (I)  goes  according  to  type  Sjq'2  ,  that  is,  is  accompanied  by  a  rearrangement, 
and  with  isomer  (II)  according  to  type  Sj^2  (without  rearrangement). 

The  addition  of  2-chloro-3-pentene  to  isoprene,  piperylene,  and  chloroprene  occurs  chiefly  in  the  1,4- 
position  with  formation  of  an  analog  of  geranyl  chloride. 

Cll.,— Cll=.(:il— Cll-t'.II.-t’^CII-ClICI 

I  ■  I  I 

Clla  R'  R" 

(111) 

jr  ==11,111,  or  '  I; 

jt''  =  ii  or  '  111. 

All  these  telomers  with  secondary'  amines  give  only  products  of  type  B  with  formulas  and  constants  given 
in  the  table. 

In  the  infrared  spectra  of  tliese  amines  the  valence  oscillation  of  tire  double  bond  corresponds  to  a  frequency 
of  1655-1665  cm’^  and  the  deformation  oscillation  shows  an  intense  band  at  960-965  cm"^  (two  —  CH=(3H— 
bonds). 

Amines  obtained  with  chloroprene  telomers  have  one  frequency  at  1650  cm"^.  The  valence  oscillations 
of  two  different  multiple  bonds  (  — CH^ai—  and  -a-l  =  CCl-)  are  not  differentiated.  The  band  at  965  cm*^ 
(one  bond  -CH=CH— )  has  less  intensity  than  in  die  other  cases. 

At  6100  cm'^  in  all  the  compounds  no  absorption  was  found.  The  oscillation  of  C  — N  in  all  cases 
corresponds  to  a  band  in  the  region  1060-1100  cm"^. 

The  structure  of  die  amines  (X  -  XII)  (table)  obtained  from  telomers  of  2-chloro-3-pentene  with  piperylene 
cannot  be  shown  by  infrared  spectra,  since  both  allyl  isomers  here  have  two  repeated  double  bonds.  The  con¬ 
clusion  as  to  the  structure  of  diese  substances  was  made  by  analogy. 

Thus,  as  die  result  of  diis  study,  it  was  established  diat  the  adducts  of  2-chloto-3-pentene  with  diene 
hydrocarbons  in  the  exchange  reaction  widi  secondary  amines  form  the  crotyl  type  B  independent  of  the  structure 
of  the  amine. 

In  die  reaction  of  allyl  chlorides  (I)  and  (II)  with  butylamine  we  obtained  different  substances.  Isomer  (II) 
gave  a  substance  widi  a  narrow  boiling  range  (2*)  whose  spectrum  contained  intense  bands  of  an  amine  with 
structure  of  type  B  (967  and  1668  cm"*^).  Isomer  (1)  gave  a  substance  with  a  wide  boiling  range  in  whose  spectrum, 
besides  the  frequencies  of  an  amine  of  type  B  (1668  and  967  cm*^),also  shewed  frequencies  of  die  vinyl  group 
(1640,  930,  and  998  cm"^).  In  the  region  of  6100  cm‘^  in  both  cases  there  was  a  harmonic  (more  intense  in  the 
second  case). 

In  an  analogous  way  in  die  spectrum  of  the  reaction  product  of  the  telomer  of  2-chloro-3-pentene  with 
butylamine,  along  with  bands  of  die  group  —  CH=CH— ,  we  also  found  bands  of  die  divinyl  group  (998  and 
6100  cm'^). 

The  telomer  of  chloroprene  with  butylamine  gave  only  a  product  of  type  B.  Frequencies  of  the  vinyl  group 
were  absent  from  the  spectrum. 
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Constants  and  Analyses  of  the  Prepared  Amines 
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Fig.  1.  Infrared  transmission  spectra.  1) 

1-  Diethylamino-5- methyl- 2,6-octadiene; 

2)  1-  dibutylamino-  5-  methyl-  2,6-  octadiene; 

3)  1-buty  lamino-5-  methyl-  2,6-octadiene 
(from  3-chloro-5-methyl-l,6-octadiene  with 
a  considerable  admixture  o'.  3-butylamino- 
5- methyl- 1,6-octadienc);  4)  1-butylamino- 
5-  metliyl-  2,6-  octadiene(ftom  1-  chloro-  5- 
methyl- 2,6-octadiene);  5)  1-diethylamino- 
3,5- dimethyl- 2,6- octadiene;  6)  1- dibutyl¬ 
amino- 3,5-dimethyl- 2,6- octadiene;  7) 
1-butylamino- 3,5- dimethyl- 2,6-octadiene. 


1500  1000  7017 


V  cm"i 

Fig.  2.  Infrared  transmission  spectra. 

1)  1-  Dietliylamino-  3-  chloro-  5-  methyl- 

2.6-  octadiene;  2)  l-dibutylamino-3- 
chloto- 5- methyl- 2,6-octadiene;  3)  1- 
butylamino-  3-  chloro-  5-  methyl-  2,6- 
octadicne;  4)  2- dietliylamino- 5- methyl- 

3. 7-  octadiene;  5)  2- dibutylamino- 5- 
methyl-3,7-octadiene;  6)  2-butylamlno- 
5-  methyl-  3,7-  octadiene. 
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Thus,  it  was  established  that  in  tlie  reaction  witli  primary  amines  in  some  cases  exchange  can  go  witlioui 
the  allyl  rearrangement. 


EXPERIMENTAL 

The  methods  of  preparation  and  constants  of  the  telomcrs  were  described  in  the  previous  work  [Ij.  In  the 
present  work,  wc  have  used  tlic  following  chlorides:  3-chloro-5-metliyl-l,6-octadiene;  1 -ch loro- 5- methyl- 
2,6- octadicne;  l-chloro-3,5-dimctliyl-2,6-octadiene;  2- chloro-6- methyl- 3,7- nonadienc;  and  1,3-dichloro- 
5- methyl-  2,6-octadiene. 

A  mixture  of  telonier  (0.1  mole  )  and  amine  (SO'^o  excess  in  the  case  of  secondary  amines  and  fourfold 
excess  for  butylamine)  was  boiled  with  stirring  on  a  water  bath  for  ten  hours  in  the  case  of  the  primary  chlorides 
and  20  hours  in  the  case  of  tlie  secondary  cltlorides.  In  the  reaction  with  secondary  amines  we  found  precipitation 
of  a  voluminous  precipitate.  After  addition  to  the  reaction  mixture  of  100  ml  of  1 :1  hydrochloric  acid  with 
stirring  and  c(X)ling,  it  was  extracted  with  ether  (three  times  witli  30  ml).  The  water  solution  was  treated  with 
solid  alkali,  which  was  added  in  small  portions  with  cooling.  The  precipitated  amine  was  separated  and  the 
solution  was  treated  witli  ether.  The  ether  extracts  were  added  to  the  amine  and  dried  over  alkali.  After 
distillation  of  the  etlier  the  amine  was  distilled  in  a  vacuum.  The  yields  of  amines  varied  widiin  the  limits 
50-70%. 

The  combined  ether  extracts  which  contained  the  unreacted  chlorides  were  dried  over  calcium  chloride 
and  after  distillation  of  tlie  ether  the  content  of  unreacted  lelomer  in  them  was  determined.  In  the  residue  from 
amination  of  tlie  telomers  of  divinyl  (I  and  II)  we  usually  found  about  25%  of  the  taken  amount  of  chloride 
which  had  not  reacted  and  which  had  a  stable  chlorine  atom,  for  which  we  previously  had  shown  a  cyclic  structure. 
B.  p.  71-73*  (10  mm),  d^^  0.9717,  n^®D  1.4778. 

Analytical  data  for  tlie  resulting  amines  are  given  in  tlie  table. 

The  mixture  of  amines  obtained  from  butylarhine  and  telomer  (I)  had  the  constants:  b.  p.  114-121* 

(10  mm),  d^°4  0.8139,  n^D  1.4572. 

Tlie  Infrared  spectra  of  tlie  amines  was  photographed  with  a  two  beam  IKS- 14  spectrophotometer  with  a 
prism  of  NaCI  with  a  layer  tliickness  0.032  mm.  The  data  are  given  in  Figs.  1  and  2. 


SUMMARY 

1.  Wc  have  studied  the  reaction  with  primary  and  secondary  amines  of  lower  telomers  of  2-chloro-3- 
pentene  with  diene  hydrocarbons;  dlvinyl,  isoprene,  piperylene,  and  chloroprene. 

2.  We  have  shown  that  with  secondary  amines  the  reaction  occurs  independently  of  the  structure  of  the 
initial  cliloride  with  formation  of  amines  of  tlie  crotyl  type.  The  reaction  witli  primary  amines  in  some  cases 
occurs  with  formation  of  botli  allyl  isomers. 

3.  We  have  isolated  and  characterized  12  amines  of  die  series  CnH2n- 1  N. 
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EXCHANGE  REACTIONS  OF  CH  LORI  N  E  -  C  ON  T  A 1  N I NG  TELOMERS 
OF  DIENE  HYDROCARBONS 

II.  REACTION  OF  1-ai LORO- 5- METHYL-,  1- CHLORO- 3,5- DIMETHYL- ,  AND 
l,3-DiaiLORO-5- METHYL- 2, 6-OCTADIENE  WITH  SODIUM  ACETOACETIC  ESTER 

A.  A.  Petrov  and  L.  I.  Bunina-Krivorukova 
Lensovet  Leningrad  Technological  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  4,  pp.  1165-1168,  April,  1960 
Original  article  submitted  March  11,  1959 


In  previous  work  in  which  one  of  us  participated  Uierc  was  a  description  of  the  exchange  reaction  between 
the  initial  products  of  telomerization  of  divinyl,  isoprene,  piperylene,  and  chloroprene  with  2-chloro-3-pentene 
(pipcrylcnc  hydrochloride)  and  aliphatic  amines  [Ij.  in  all  cases  the  reaction  occurred  with  formation  of  diene 
amines,  chiefly  of  the  crotyl  type.  In  this  communication,  we  describe  the  exchange  reaction  of  three  of  the 
above-mentioned  tclomcrs  with  sodium  aretoacctic  ester.  These  reactions  are  of  interest  as  intermediate  steps 
in  the  synthesis  of  alcohols  of  the  sesquiterpene  series,  their  homologs  and  analogs. 

Tlie  literature  describes  numerous  reactions  of  halogen  derivatives  witlt  sodium  acetoacetic  ester.  Of 
interest  for  this  work  arc  those  in  \.’hich  crotyl  chloride,  prenyl  chloride,  and  1,3- diehloro- 2- butene  take  part. 
Tliese  chlorides  contain  tlie  same  terminal  grouping  of  atoms  as  do  tlie  telomers  which  we  study.  All  these 
chlorides  give  as  final  products  ketones  which  do  not  contain  a  vinyl  group  [2-7]:  in  particular,  from  prenyl 
chloride ,2-mcthyl- 2-hepten-6-one  is  obtained  in  iliis  way  [2,  5]. 


TABLE  1 


MR 

Sub¬ 

stance 

no. 

Substance 

B.p. 

(pressure 
10  mm) 

d,»o 

found 

calc. 

(I) 

CHjCH=CHCHrH,CH=CHClI,CH,COCH, 

CH, 

0.8672 

1..'.604 

.56.38 

56.69 

(H) 

CH,CH==CIICHCII,COi=CHCH,CH,COCH, 

1 

CH, 

130-131 

0.3730 

1.4742 

62.04 

61. .56 

(HI) 

CH,CH=CHCHCH,C=CHCll,CH,COCH, 

1  1 

CH,  CH, 

113—120 

0.8621 

1.4626 

62.03 

61.31 

Our  experiments  on  the  reaction  with  sodium  acetoacetic  ester  of  1-chloro- 5- methyl-,  l-chloto-3,5- 
dimetliyl-,  and  1,3- diehloro- 5- metliyl-2,6-octadiene  (telomers  of  2-chloro-3-pcntene  with  divinyl,  isoprene, 
and  chloroprene,  respectively)  showed  tliat  in  tliis  case,  as  final  product:  tliere  were  also  obtained  ketones  which 
did  not  contain  vinyl  groups,  and  which  had  the  formulas  given  in  Table  1.  The  conclusion  as  to  such  structures 
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for  the  substances  which  we  prepared  was  made  on  tlie  basis  of  study  of  tlieir  infrared  spectra,  in  these,  we 
observed  only  frequencies  for  tlie  grouping  —CH=CH  —  or  -CCl=CiI-  (970  cm"'  or  about  840  cm’ and 

did  not  find  the  characteristic  frequencies  of  the  vinyl  group. 
Thus,  isomeric  ketones  of  tlie  type  CH2=  CH—  CR2~  CH2~ 

—  CO—  CH3,  whose  formation  could  be  expected  if  an 
allylic  rearrangement  occurred,  were  absent  from  die  reaction 
product. 

In  one  of  the  experiments,  we  used  a  mixture  of  allyl 
isomers  for  tlie  synthesis:  l-chloto-5-nietliyl-2,6-octadiene 
and  3-chloro-5-mctliyl-l,6-octadiene,  and  we  obtained  only 
a  ketone  which  corresponded  to  the  structure  of  the  first 
substance.  Hence,  the  reaction  takes  place  witli  the  more 
stable  form  of  intermediate  carbonium  ion  independent  of 
the  structure  of  the  allyl  isomer  used  in  tlie  reaction. 

The  ketones  which  we  obtained  are  colorless  oils  with 
characteristic  pleasant  odors,  insoluble  in  water.  Their  con¬ 
stants  are  given  in  Table  1. 

The  data  of  Table  1  show  tliat  in  all  tliese  ketones 
the  observed  molecular  refraction  is  somewhat  higher  than 
calculated. 


Infrared  transmission  spectra.  1)  4-Metliyl- 
2,6-undccadien-lO-one;  2)  6-chloto-4- 
methyl-2,6-undecadien-10-one;  3)  4,6- 
dimetliyl-  2,6-undecadien- 10-  one. 


We  did  not  succeed  in  obtaining  well  crystallized 
hydrazine  derivatives  ( semicarbazones  and  2,4-dinitro- 
phenylhydrazones)  from  tliese  ketones.  However,  tlie 
presence  of  carbonyl  groups  is  indicated  perfectly  clearly 
by  tlieir  infrared  spectra:  tliey  all  have  an  intense  band  in 
the  region  1705-1725  cm"^,  die  band  at  about  1160  cm"* 
which  is  characteristic  for  methyl  ketones,  and  also  an 

intense  ketone  frequency  at  1360  cm"*.  Only  in  die  case  of  ketone  (II)  is  there  a  double  bond  which  corresponds 
to  the  well- differentiated  band  at  1660  cm"*.  The  bands  of  die  double  bonds  in  the  spectra  of  the  other  two 
ketones  appear  only  as  projections  on  die  intense  absorption  bands  of  die  carbonyl  group  (figure). 

These  substances  react  well  widi  the  Grignard  reagent  and  the  lotsich  reagent.  One  of  die  following  papers 
will  be  devoted  to  a  description  of  these  reactions. 


EXPERIMENTAL 

The  methods  of  preparation  and  constants  of  the  chlorides  used  In  this  study  were  given  earlier  [8].  Their 
reaction  with  sodium  acetoacetlc  ester  was  carried  out  under  the  following  conditions. 


TABLE  2 


Substance 

Found, % 

1 

Calculated,  ^0 

c 

11 

Cl 

c 

H  j 

Cl 

(I) 

70.nit,  79.92 

11.08,11.37 

1 

j 

79.94 

11.18  1 

(11) 

67.00,  66.96 

9.11,  8.97 

16.37, 16.66 

67.12 

8.92  1 

16.51 

(Illi 

80.31,80.33 

1 

11.36, 11.40 

80.36 

11.41  1 

1 

1 
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We  added  0.25  mole  of  telomer  by  drops  to  sodium  acetoacetlc  ester  prepared  from  4.5  g  of  sodium 
and  24  g  of  acetoacetlc  ester  In  100  ml  of  anhydrous  alcohol.  The  mixture  was  stirred  for  3-4  hours  with 
heating  on  a  water  bath  to  60-70*. 

On  the  next  day,  the  precipitate  of  sodium  chloride  was  separated  by  centrifuging  and  the  alcohol  was 
distilled  from  the  reaction  mixture  In  a  vacuum.  To  the  residue  was  added  150  ml  of  10'7o  sodium  hydroxide 
solution  and  Uie  mixture  was  stirred  for  4-5  hours  at  60-70*.  After  acidification  to  an  acid  reaction  to  Congo 
the  reaction  products  were  extracted  with  ether.  The  ether  solution  was  washed  with  a  solution  of  sodium  bi¬ 
carbonate  and  with  water  and  dried  over  magnesium  sulfate,  tlien  distilled,  first  at  ordinary  pressure  (removing 
tlte  etlier)  and  tlien  in  a  vacuum.  The  yield  of  ketones  was  on  the  order  of  30%.  In  all  cases  we  obtained  con¬ 
siderable  amounts  of  high  boiling  products  which  were  not  further  investigated. 


TABLE  3 

Infrared  Spectra  of  Ketones  (Prism  of  NaCl,  thickness  of  layer  0.032  mm) 


Substance 

(I) 

(ID 

(IID 

718  C.T  • 

749  CJI 

735  CJI 

820  c.T 

805  CJI 

812  CJI 

845  o.  r;i 

8()2  CJI 

8C>7  CJI 

018  c  ;i 

910  C.T 

919  0.  CJI 

'.(72  0.  c 

973  0.  c 

967  0.  c 

1017  0.  cji 

1037  c.i 

1035  o.  CJI 

— 

IOf'5  CJI 

— 

— 

1103  cp 

— 

— 

1118  cp 

1116  CJI 

1162  c 

1160  c 

1154  c 

1 

Substance 

(!) 

(II) 

(III) 

1223  CJI 

1223  cp 

1223  CJI 

1250  0.  c.T 

1260  CJI 

1262  CJI 

1357  c 

1364  0.  c 

13.55  0.  c 

1  1 409  CJI 

1409  c 

1407  CJI 

'  — 

1427  c 

— 

!  1438  c 

1442  c 

1442  c 

!  — 

1452  c 

— . 

1  1660  c.T 

1660  cp 

1660  CJI 

:  1715  0.  c 

1705  o.  c 

1716  0.  c 

1  1720  0.  c 

i 

1720  0.  c 

1727  0.  c 

•  c.T  =  weak, 0.  cn  =  very  weak,  cp  =  medium,  c  =  strong,  o.  c  =  very  strong. 

The  analytical  data  are  given  in  Table  2.  The  infrared  spectra  are  given  in  Table  3  and  in  the  figure. 

SUMMARY 

1.  We  have  studied  the  reaction  of  some  Initial  telomers  of  diene  hydrocarbons  and  2-chloro-3-pentene 
with  sodium  acetoacetlc  ester. 

2.  We  have  showed  that  In  all  cases  exchange  occurs  with  formation  of  only  one  type  of  ketone  which 
does  not  contain  the  vinyl  group. 

3.  We  have  described  three  ketones:  4-methyl- 2,6-undecadlen-lO-one,  4,6-dlmethyl-2,6-undecadlen- 
10- one,  and  6-chloto-4-methyl-2,6-undecadlen-10-one. 
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THE  SYNTHESIS  OF  ANALOGS  OF  GERANIOL,  FARNESOL, 
GERANY  LGERANIOL,  ISOPHYTOL,  AND  PHYTOL 
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Original  article  submitted  April  3,  1959 


In  recent  years  in  our  laboratory’  we  have  worked  out  practical  metliods  for  preparing  important  examples 
of  isoprene  compounds  and  their  synilietic  analogs.  By  successive  repeated  reactions  of  ethynylation,  selective 
hydrogenation,  isomerization,  and  acetonylation,  we  have  obtained  methylheptenone,  linalool,  geranylacetone, 
nerolidol,  geranyllinalool,  and  various  analogs  of  tliese  compounds  [1-7]. 

The  present  work  is  devoted  to  a  study  of  tlie  syntliesis  chiefly  of  primary  alcohols,  analogs  of  geraniol 
(IV),  farnesol  (XI),  geranylgeraniol  (XVIH),  isophytol  (XXVII),  phytol  (XXV)  and  intermediate  compounds, 

Geraniol  and  farnesol  are  valuable  perfumes,  long  used  in  tlte  perfume  Industry.  Their  analogs  are  of 
interest  for  a  study  of  the  relation  of  odor  to  structure.  The  analogs  of  geranylgeraniol,  phytol,  and  isophytol 
ate  of  great  interest  for  tlie  syntliesis  of  Ute  corresponding  analogs  of  vitamins  K,  E  (tocopherol),  terpenes, 
and  oUier  biologically  important  compounds. 

Tlie  syndiesis  of  isoprene  alcohols  was  carried  out  by  two  methods,  shown  In  Figs.  1  and  2. 

According  to  tlie  first  method  (Fig.  l)  the  ketones  (I,  VHI,  XV,  XXH)  were  reacted  with  ethoxyacetylene 
magnesium  bromide  [3].  The  resulting  ethoxyacetylene  carbinols  (II,  iX,  XVI,  XXIII)  witliout  preliminary 
distillation  were  treated  in  ether  solution  with  sulfuric  acid.  As  a  result  of  tlie  reaction  we  obtained  esters 
of  a,  fi-unsaturated  acids  (HI,  X,  XVII,  XXIV)  (Table  l).  Reduction  of  die  esters  of  tlie  a,  fl- unsaturated 
acids  widi  lidiium  aluminum  hydride  gave  good  yields  of  primary  alcohols,  the  analogs  of  geraniol  (IV),  farnesol 
(XI),  geranylgeraniol  (XVIII),  and  phytol  (XX\0.  The  primary  alcohols  obtained  by  diese  methods  ate  shown 
in  Table  2, 

Tlie  syndiesis  of  primary  alcohols  by  the  second  method  (Figs.  1  and  2)  was  carried  out  by  us  from  tertiary 
ediylenic  alcdiols,  analogs  of  linalool  (VI)  [4j,  nerolidol  (Xlll),  and  geranyllinalool  (XX)  [7j. 

In  die  action  of  hydrogen  bromide  on  these  tertiary  ediylenic  alcohols  in  isooctane  solution  we  obtained 
primary  allyl  bromides  which  by  reaction  with  potassium  acetate  in  dimcdiylformaniide  solution  and  later 
saponification  of  die  resulting  acetates  by  alkali  were  easily  converted  into  primary  alcohols,  analogs  of 
geraniol  (IV),  farnesol  (XI),  and  geranylgeraniol  (XVIII). 

All  die  processes  of  isomerization  of  tertiary  alcohols  into  primary  ones  were  carried  out  without  separating 
the  intermediate  products  and  in  one  step. 

All  the  primary  alcohols  obtained  by  us  by  this  mediod  were  chromatographed  on  a  column  filled  with 
aluminum  oxide  for  purification  and  also  for  separation  of  possible  isomers.  However,  in  all  cases,  the  primary 
alcohol  was  obtained  in  only  one  stereoisomeric  form.  Evidently,  the  isomerization  reaction  is  stereospecific. 
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Scheme  1 


Syntliesls  of  Analogs  of  Gcranlol,  Farnesol,  and  Gcranylgcranioi 


*  =  CjH,  ;  iso  -CjH,  tert  -C^Hj  ;  R'  =C2Hj. 


Scheme  2 

Synthesis  of  Analogs  of  Phytol  and  Isophytol 


R  =  H;C2Hj;  tert  -C^Hg  ; 
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ithyl  Esters  of  a,  fl- Unsaturated  Acids,  Obtained  through  Ethoxyacetylene 


Primary  Alcohols 
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The  data  refer  to  the  3-nitrophthalate. 


Tlie  constants  of  tlie  alcohols  obtained  by  this  method  agree  very  well  with  the  constants  of  the  alcohols  obtained 
by  reduction  of  tlie  esters  of  a, 8 -unsaturated  acids  wltli  lithium  aluminum  hydride.  Tlie  primary  alcohols 
obtained  by  both  methods  are  shown  in  Table  2, 

In  die  present  work  we  were  also  interested  in  converting  etlioxyetliynyl  carblnols  (IX)  into  the  corresponding 
unsaturated  aldehydes,  analogs  of  farnesal  (XXIX).  This  conversion  was  studied  in  the  example  of  compound  (IX, 

R  =  tert-C4Hj). 


(K) 


In  an  attempt  to  distill  tlie  etlioxyacetylenic  carbiiiol  (IX,  R  =  tert-C4H9)  in  a  high  vacuum  (0.01  mm)  we 
found  a  spontaneous  decomposition  of  die  substance  when  heated  above  100*.  Therefore,  die  carblnol  (IX)  was 
selectively  hydrogenated  In  the  impure  form  and  die  content  of  pure  carblnol  in  die  substance  was  estimated  by 
die  amount  of  active  hydrogen  (Chugaev-Tserevitinov  reaction).  Tlie  edioxyediylenlc  carblnol  (XXVIII,  R  = 

=  tert-C4H9)  without  preliminary  distillation  was  treated  wldi  2%  sulfuric  acid  and  we  obtained  In  70*70  yield 
die  analog  of  farnesal  (XXIX,  R  =  tert-C4H9)  as  a  mixture  of  Isomers.  The  Individual  Isomers  could  be 
separated  as  2,4-diiutrophenylhydrazones  by  fractional  crystallization. 


EXPERIMENTAL 


Hydrogenation  of  the  analog  of  farnesylacetone  (XV)  to  a  saturated  ketone  (XXII). 

a)  G,10-Dimediyipentadccan-14-onc  (XXII,  R  =  il).  Thirty  g  of  6,10-dimcthylpentadccan-2,6,  lO-trlcn- 

14- one  (XV,  R  =  H)  in  45  ml  of  mediaiiol  was  exhaustively  hydrogenated  (9000  ml,  19*,  740  mm)  In  the  presence 

of  a  Pt  catalyst.  At  die  end  of  hydrogenation,  die  catalyst  was  filtered  off,  the  methanol  was  removed  In  a  weak 

vacuum,  and  the  product  was  distilled.  We  obtained  24.4  g  (81.7*7o)  (XXII,  R  =  H). 

B.  p.  94-96*  (0.02  mm),  n^°D  1.4450,  d“4  0.8434;  MRp  80.30;  calc.  80.71. 

Found  *7c;  C  80.52,  80.56;  II  13.34,  13.31.  CivHjiO.  Calculated  *70;  C  80.31;  H  13.42. 

2,4-Dinitrophenylhydrazone  has  m.  p.  33-34*. 

Found  <70;  N  13.24,  13.20.  C23Hg804N4.  Calculated  *7o:  N  12.89. 

In  an  analogous  way  we  obtained  the  following  substances. 

b)  3,7,ll-Ttimediylhexadecan-15-one  (XXII,  R  =  C;^l5)  In  a  yield  of  90*70. 

B.  p.  128-130*  (0.06  mm),  n^^D  1.4480,  d^®4  0.8391,  MRq  90.12;  calc.  89.93. 

Found  *7o:  C  80.99,  80.94;  H  13.44,  13.49.  CijHsgO.  Calculated  *7o:  C  80.78;  H  13.56. 

Semicarbazone  m.  p.  62-63*. 

Found  *7o:  N  12.66,  12.53.  C2oH4i03Ns.  Calculated  *7o:  N  12.38. 

c)  2,2,3,7,ll-Pentamethylhexadecan-15-one  (XXII,  R  =  tert-C4H9)  with  a  yield  of  83,7*7o. 

B.p.  126-128*  (0.02  mm),  n^^D  1.4558,  0.8511,  MR^  99.15;  calc.  99.18. 

Found  *7o;  C  81.20,  80.88;  H  13.16,  13.38.  C21H42O.  Calculated  *7o:  C  81.21;  H  13.68. 

2,4-Dinitrophenylhydrazone  m.  p.  31-32*. 

Found  *7o:  N  11.59,  11.62.  C27H44O4N4.  Calculated  *7o:  N  11.42. 
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Condensation  of  Ketones  with  Ethoxyethyny  1  Magnesium  Bromide 

8-Etlioxv-6-mctJivI-2-octcn-7-vn-6-ol  (II.  R=H).  To  an  ether  solution  of  etliyl  magnesium  bromide 
obtained  from  9.7  g  of  magnesium,  52  g  of  ethyl  bromide,  and  150  ml  of  absolute  etlier,  we  added  during  one 
hour  witli  stirring  at  room  temperature  30  g  of  ethoxyacetylene  in  GO  ml  of  dry  ether.  The  mixture  was  stirred 
for  15  minutes  mote  at  35*  until  evolution  of  ethane  stopped.  After  cooling  the  mixture  with  ice  and  salt  we 
added  in  the  course  of  one  hour  40  g  of  2-heptcn-G-one  (1,  R  =11),  after  whicli  the  reaction  mixture  was  stirred 
for  one  hour  at  tix)m  temperature  and  30  minutes  at  35*.  The  resulting  alcoholate  was  decomposed  widi  250  ml 
of  20%  ammonium  chloride  solution.  The  ether  layer  was  separated  and  the  water  was  extracted  witli  etlier. 

The  combined  etlier  solutions  were  washed  with  water  and  dried  over  magnesium  sulfate.  After  distillation,  we 
obtained  4G.8  g  (C5%)  of  (11,  R=ll). 

B.  p.  G9-72*  (0.085  mm),  n^°D  1.4G34,  0.9281,  MRp)  54.04;  calc.  53.70. 

Found  %:  C  72.15,  72.19;  H  9.92,  9.89.  CuIIjaOz.  Calculated  %:  C  72.44;  H  9.94. 

Synthesis  of  Esters  of  a, 8-Un saturated  Acids  (III,  X,  XVll,  XXIV) 

Using  Ethoxyacetylene 

Etliyl  ester  of  2, 2,3,7, ll-pentamethyltridecan- 3,7, ll-trien-13-olc  acid  (X,  R  =  tert-C4H9,  R*=C2U5). 

To  etliyl  magnesium  bromide  obtained  from  3.12  g  of  magnesium  and  IG  g  of  ethyl  bromide  in  GO  ml  of 
anliydrous  ether  with  stirring  was  added  dropwise  over  the  course  of  one  hour  9.2  g  of  ethoxyacetylene  in  40  ml 
of  anhydrous  ether,  and  tlie  mixture  was  heated  for  30  minutes  at  35*.  After  the  mixture  had  been  cooled  witli 
ice  and  salt,  in  an  atmosphere  of  nitrogen  during  one  hour  was  added  23.G  g  of  2,2,3,7-tetramethyldodeca-3,7- 
dicn-ll-onc  (VUl,  R  =  tcrt-C^llj).  The  reaction  mass  was  stirred  for  1.5  hours  at  room  temperature  and  0.5  hour 
at  35*.  Tlie  mixture  was  cooled  to  room  temperature  and  widi  energetic  stirring  320  ml  of  10%  sulfuric  acid 
was  added,  after  which  stirring  was  continued  for  two  hours  more.  The  ether  layer  was  separated,  washed  with 
water,  to  a  neutral  reaction  to  litmus,  and  dried  over  magnesium  sulfate.  After  distillation  of  tlie  etlier  tlie 
product  was  distilled  in  a  high  vacuum.  We  obtained  21.3  g  (X,  R  =  tert-C^Hg,  R*  =02115).  In  an  analogous 
way  we  also  obtained  die  other  ethyl  esters  of  a,  6 -unsaturated  acids  shown  in  Table  1. 

2,2,3,7-Tetramcdiylnona-3,7-dicn-9-oic  acid  (III,  R  =  tcrt-C4ll9,  R'  =11).  To  a  solution  of  7.14  g  of  die 
ethyl  ester  of  2,2,3,7-ietramediyinona-3,7-dien-9-oic  acid  (III,  R  =  tert-C4ll9,  R'  =03115)  heated  to  boiling  in 
5  ml  of  methyl  alcohol  we  added  1.3  g  of  sodium  hydroxide  in  15  ml  of  water.  The  mixture  was  heated  to 
boiling  in  a  stream  of  nitrogen  for  two  hours,  cooled,  and  acidified  widi  10%  sulfuric  acid  to  an  acid  reaction. 

The  oily  layer  was  separated,  die  water  was  extracted  with  ether  and  the  combined  ether  extracts  and  oily  layer 
were  dried  widi  magnesium  sulfate.  After  distillation,  we  obtained  4.4  g  (33%)  of  (III,  R  =  tcrt-C4H9,  R’  =H). 

B.p.  119-120*  (0.04  mm),  n^D  1.4820,  d^°4  0.9400,  MRq  63.70;  calc.  62.83. 

Found  %:  C  74.57,  74..54;  H  10.53,  10.36.  CialljaOz.  Calculated  %:  C  74.28;  H  10.47. 

2,2,3,7,ll-Pentamethyltrldeca-3,7,ll-trien-13-al  (XXIX,  R  =  tert-QHo).  To  edioxyacetylene  magnesium 
bromide  prepared  from  1.56  g  of  magnesium,  8  g  of  ethyl  bromide  and  4.6  g  of  ethoxyacetylene  in  60  ml  of 
absolute  ether  was  added  11.8  g  of  2,2,3,7-tetramethyldodeca-3,7-dlen-ll-one  (VIII,  R  =  tert-C4H9)  widi  cooling 
with  ice  and  salt,  in  a  stream  of  nitrogen  in  the  course  of  one  hour.  The  reaction  mass  was  stirred  for  one  hour 
at  room  temperature  and  30  minutes  at  35*,  then  widi  ice  cooling  was  treated  widi  100  ml  of  20%  ammonium 
chloride  solution.  The  ether  layer  was  separated  and  die  water  was  extracted  widi  dirce  portions  of  edier.  The 
combined  edier  extracts  were  dried  with  ignited  potash.  The  ether  was  distilled  off  in  a  vacuum  and  13.8  g  of 
substance  was  obtained.  By  the  Chugaev-Tserevltinov  mediod  it  was  found  that  the  substance  contained  90% 
of  the  alcohol  (IX,  R  =  tert-C4H9,  R'  =02(15).  Eleven  g  of  this  alcohol  was  selectively  hydrolyzed  over  Pd/CaC03 
catalyst.  After  the  theoretically  calculated  amount  of  hydrogen  (835  ml,  24*,  749  mm)  had  been  absorbed, 
hydrogenation  was  stopped.  The  catalyst  was  filtered  off,  dien  75  ml  of  3%  sulfuric  acid  was  added  to  die  ether 
solution,  and  die  mixture  was  stirred  energetically  for  2  hours  at  room  temperature.  The  edier  layer  was  separated, 
washed  with  a  solution  of  sodium  bicarbonate  and  dried  over  magnesium  sulfate.  After  distillation  in  a  vacuum, 
we  obtained  5.7  g  (70%)  of  (XXIX,  R  =  tert-C4H9). 

B.p.  124-126*  (0.02  mm),  n“D  1.4870,  d2‘’4  0.8892,  MR^,  84.73;  calc.  83.92. 
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Found  <70:  C  82.44,  82.29;  H  11.24,  11.21.  CigllgoO.  Calculated  «7o:  C  82.44;  H  11.45. 

The  2,4-dinitrophenylliydtazone  of  this  aldehyde  (XXIX)  was  separated  Into  two  isomers  by  fractional 
crystallization. 

First  isomer,  m.  p.  99.5- 101*. 

Found N  12.64,  12.53.  Ca4H3404N4.  Calculated  N  12.67. 

Second  Isomer,  m.  p.  133.5-135*. 

Found  <70:  N  12.89,  12.86.  CyHg^O^N^.  Calculated  <7o:  N  12.67, 

Synthesis  of  Primary  Alcohols  (IV,  XI,  XVIIl,  XXV)  by  Reduction  of  Esters 
of  a,8-Unsaturated  Acids  by  Lithium  Aluminum  Hydride 

Method  A 

6-Methylocta-2,6-dien-8-ol  (IV,  R  =H).  In  a  three- necked  flask  fitted  widi  a  mechanical  stirrer,  reflux 
water  condenser,  and  dropping  funnel  widi  a  drying  tube  was  placed  120  ml  of  an  ether  solution  of  lithium 
aluminum  hydride  (concentration  0.06C5  mg/ ml).  At  -  65*  was  added  dropwlse  21  g  of  the  ethyl  ester  of  6- 
methylocta-2,6-dien-8-oic  acid  (III,  R  =  H,  R*  =  Cgilg)  in  100  ml  of  absolute  ether  and  then  the  mixture  was 
stirred  one  hour  at  —30*.  The  temperature  of  the  mixture  was  raised  to  that  of  the  room  and  excess  lithium 
aluminum  hydride  was  decomposed  by  ihc  addition  of  35  ml  of  ed’.yl  acetate.  The  resulting  thick  mass  was 
dissolved  by  addition  of  100  ml  of  a  saturated  solution  of  ammonium  chloride.  The  solution  was  filtered  from 
tJic  precipitate  which  formed.  The  ether  layer  was  separated,  washed  with  water,  and  dried  over  anhydrous 
magnesium  sulfate.  After  distillation  of  tire  etlier  the  residue  was  distilled  in  a  vacuum,  Vv'e  obtained  14.5  g 
of  (IV,  R=H). 

In  an  analogous  v/ay,  we  obtained  die  odicr  primary  alcohols  described  in  Table  2. 

Reduction  of  ester  (XXIV)  to  die  corresponding  analog  of  phytol  (XXV)  was  better  carried  out  at  room 
temperature. 

Synthesis  of  Primary  Alcohols  (ly,  XI,  XVIIl)  by  Isomerization  of  Tertiary 
Vinyl  Carbinols  (VI,  XIII,  XX) 

Method  B 

2,2,3, 7-Tetramediylnona-3,7-dien-9-ol  (IV,  R  =  tert-C^H^).  Ninety-eight  g  of  2,2,3, 7-tetramethylnona- 
3,8-dien-7-ol  (Vi,  R  =  tcri-C.^T^  was  saturated  witii  42.5  g  of  hydrogen  bromide  wliile  cooled  wldi  ice  and  salt 
and  die  reaction  mixture  was  allowed  to  stand  overnight,  llie  reaction  product  was  diluted  widi  ether  (150  ml), 
the  water  layer  which  separated  was  removed,  and  die  edier  solution  of  bromide  was  washed  with  h°Jo  sodium 
bicarbonate  solution  and  dried  with  sodium  sulfate.  Tlie  edier  was  distilled  off  and  die  resulting  bromide  was 
added  in  die  course  of  15  minutes  to  a  solution  of  52.5  g  of  potassium  acetate  in  500  ml  of  dlmethylformamide 
and  die  mixture  was  stirred  for  one  hour  at  room  temperature  and  dien  for  two  hours  at  60*.  The  precipitate  was 
filtered  off  and  washed  widi  edier.  The  dimethylformamide  was  distilled  in  a  weak  vacuum  and  die  acetate  was 
washed  widi  water  to  remove  traces  of  diniediyltormamide.  Saponification  of  die  acetate  was  carried  out  by 
heating  it  widi  40  g  of  sodium  hydroxide  in  400  ml  of  water  for  five  hours  at  70*.  The  oily  layer  was  separated 
and  die  water  was  extracted  widi  edier.  The  combined  edier  extracts  and  oily  layer  were  saturated  with  carbon 
dioxide  gas  and  dried  with  magnesium  sulfate.  After  distillation  of  the  ether  the  residue  was  distilled  in  a  vacuum. 
V/e  obtained  60.8  g  of  (IV,  R  =  tett-C4Hj). 

In  an  analogous  way,  we  also  obtained  the  other  primary  alcohols  shown  in  Table  2, 

Synthesis  of  Analogs  of  Isophytol 

2,2,3,7,ll,15-Hexariiethylheptadec-16-yn-15-ol  (XXVI,  R  =  tert-C4H9).  In  a  1.5  liter  steel  reactor 
was  placed  700  ml  of  absolute  etiier,  30  g  of  powdered  potassium  hydroxide,  and  with  energetic  stirring,  the 
mixture  was  saturated  widi  acetylene  at  —  8*  and  a  pressure  of  9  atm,  which  was  maintained  for  the  duration 
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of  tile  reaction.  After  40  minutes  we  added  to  the  reactor  20  g  of  ketone  (XXII,  R  =  tert-C4H9),  and  then  stirring 
of  the  reaction  mass  was  continued  for  2.5  hours  more.  The  temperature  at  the  end  of  the  experiment  slowly 
rose  to  20*.  Then  tlie  acetylene  pressure  was  lowered  and  0.5  liter  of  water  was  ad:*ed  to  the  mixture.  The 
ether  layer  was  separated  and  die  water  was  extracted  with  ether.  The  combined  ether  extracts  were  neutralized 
with  carbon  dioxide  gas  and  dried  with  magnesium  sulfate.  Tlie  ether  was  distilled  and  after  distillation  of  die 
residue  in  a  vacuum  we  obtained  17.3  g  (80%)  of  (XXVI,  R  =  tert-C4H9). 

B.p.  138-141*  (0.03  mm),  n^^D  1.4654,  0.8664,  MR^  107.8;  calc.  107.93. 

Found  %;  C  82.18,  82.23:  H  13.32,  13.23.  C23H44O.  Calculated  %:  C  82.07;  H  13.17. 

2,2,3,7,ll,15-lIcxamcdiylheptadec-16-en-15-ol  (XXVll,  R  =  tert-C^Hg).  We  selectively  hydrogenated 
10.9  g  of  (XXVI,  R  =  tert-C4lIg)  in  die  presence  of  0.05  g  of  Pd/CaCOg  catalyst.  After  absorption  of  the 
theoretical  amount  of  hydrogen  (821ml,  19  “,  736  mm)  hydrogenation  was  stopped.  The  catalyst  was  filtered 
off  and  die  product  was  distilled  in  a  vacuum.  We  obtaiiwd  9.2  g  (84%)  (XXVII,  R  =  tett-C4H9), 

B.  p.  156-159*  (0.2  mm),  n^D  1.4630,  d^4  0.8519,  MR^  109.50;  calc.  109.47. 

Found  %:  C  81.60,  81.67;  H  13.48,  13.45.  C23H46O.  Calculated  %:  C  81.58;  H  13.69. 

SUMMARY 

1.  By  two  different  mediods  we  have  worked  out  die  synthesis  of  primary  alcohols  analogous  to  geranlol, 
farnesol,  geranyl geranlol,  and  phytol, 

2.  Starting  from  analogs  of  farnesylacetone  we  have  carried  out  die  synthesis  of  analogs  of  Isophytol. 
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Ya.  F.  Komissarov  and  co-workers  showed  [1]  that  esters  of  alkylarsonic  acids  isomerized  on  heating  into 
esters  of  arsenious  acid:  RAs(0)(OR)2  -*  As  (OR)  3.  The  reaction  w'as  accompanied  by  formation  of  the  corre¬ 
sponding  alcohol  and  a  fraction  in  which  iliere  was  more  trivalent  arsenic  than  in  the  esters  of  arsenious  acid 
which  were  formed. 

It  seemed  interesting  to  us  to  study  the  behavior  of  esters  of  alkylarsonic  acids  when  heated  under  other 
conditions.  The  required  esters  of  alkylarsonic  acid  were  obtained  by  oxidizing  the  corresponding  esters  of 
alkylarsonous  acids*  with  selenium  dioxide  [3,  4J  in  dry  benzene.  The  syniliesized  esters  of  alkylarsonic  acids 
(Table  1)  were  colorless  or  slightly  yellow  viscous  liquids  with  a  weak  characteristic  odor,  easily  hydrolyzed  by 
water  and  moist  air. 

TABLE  1 


Esters  of  Alkylarsonic  Acids 


0 

2 

Compound 

■ 

Mlio  1 

"/o 

As 

TJ 

*3 

found 

calc. 

1 

u 

rt 

u 

1 

C3ll7AsO(OC2ll-,)> 

120.5-122.50(10) 

11.2460 

1.4510 

48.51 

48.  J 

3.3.44 

33.44 

53.3 

2 

1 1  7As0(01  jg  117)2 

101  —103.5(2) 

1.173!t 

1.4.520 

.57.05 

.57.72 

20.67 

20.71 

54.8 

3 

Ct117AsO(OC4I1o)2 

115  —118(3) 

1.1324 

1.4.5.32 

66.01 

(16.05 

26.73 

26.74 

66.1 

4 

Cll3AsO(UC4Ho)2 

120..5-130(5) 

1.1774 

1.4.532 

— 

— 

— 

— 

65.2 

160.3-161.3(13)1^1 

1.172Sl-‘l 

1.4.524  p] 

— 

— 

— 

— 

— 

5 

C2ll.vAsO(OC4il„)2 

jl25  -130(5) 

1.1481 

j  1.4.537 

62.75 

62.34 

27.68 

28.15 

60.0 

Pyrolysis  of  die  esters  of  alkylarsonic  acids  was  carried  out  by  heating  these  compounds  at  atmosplieric 
pressure  widi  distillation  of  the  easily  boiling  products.  Decomposition  began  at  200-220*  in  the  reaction  mass. 
For  isolation  of  individual  substances  the  distillate  was  submitted  to  fractional  distillation. 

The  esters  of  alkylarsonic  acids  which  were  synthesized  were  evidently  quite  stable  to  thermal  action. 
Thus,  with  energetic  heating  of  diethyl  n-propylarsonate  a  considerable  part  of  it  distilled  widiout  change.  For 
more  complete  conversion  of  the  other  esters  of  alkylarsonic  acids,  they  were  heated  in  such  a  way  that  the 


*  We  have  earlier  reported  the  synthesis  of  esters  of  alkylarsonous  acids  from  alkyldiiodoarslnes  and  the 
corresponding  alcohols  in  the  presence  of  bases  [2].  The  esters  obtained  by  diis  process  have  iodine- containing 
admixtures,  but  were  entirely  suitable  for  synthesis  of  esters  of  alkylarsonic  acids. 
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temperature  of  the  distilling  vapor  did  not  exceed  200*.  Then  the  chief  arsenic- containing  products,  in  distinction 
from  tire  previous  work  [Ij,  were  the  corresponding  esters  of  alkylarsonous  acids  (Table  2).  Tire  structure  of  the 
latter  was  confirmed  by  tlie  reaction  witli  hydrlodic  acid:  in  tire  case  of  esters  of  alkylarsonious  acid  the  product 
was  a  brown,  oily  alkyldiiodoarsinc,  but  tlie  esters  of  arsenious  acid  were  saponified  to  a  white,  flaky  precipitate 
of  arsenious  anhydride.  The  formation  of  esters  of  arsenious  acid  was  found  in  the  pyrolysis  of  dietliyl  and  di-n- 
butyl  esters  of  n-propylarsonic  acid.  In  die  second  case,  die  isomerization  product,  from  its  arsenic  content,  was 
close  to  die  propyl  ester  of  dibutyl  arsenious  acid,  but  was  distinguished  from  die  latter  [6J  by  the  value  of  n^D. 
Pyrolysis  of  the  di-ii- propyl  ester  of  n-propylarsonic  acid  evidently  led  to  formation  of  tripropyl  arsenite  and  die 
dipropyl  ester  of  propylarsonic  acid,  but  separation  of  die  latter  was  difficult  because  of  the  closeness  of  die  boil¬ 
ing  points. 


TABLE  2 

Pyrolysis  of  Esters  of  Alkylarsonic  Acids 


!no. 

Starting  ester 

Substances  obtained 

B.p.  (pressure 

in  mm) 

1 

1 

Yield, 

% 

1 

C3ll7AsO(OC2lIr,)2  ( 

b)  C.,ll7AsO(Or2lI0'> 
a)C3ll7()Ap(OC2ilr,)2 

121.5-124''(11) 
56  —  59(10) 

1 

1 .2435 
1.1623 

1 .4.520 
1.4'i13 

40.7 

11.2 

2 

C3ll7AsO(OC3ll7)2 

€3117011  * 

— 

— 

— 

8.4 

( 

C^llnOll 

115  -117.5 

0.8143 

1.3972 

17.1 

3 

C3**7AsO(OC4llp)2  1 

Cnll7As(OC4lIo)2 

111  -115(12) 

1.0573 

1.4.528 

5.7 

1 

C3ll7nAs(OC4lln)2** 

121  -125(11) 

— 

1.4486 

2.1 

4 

Cll3AsO(OC4nn)2  j 

C,Ilr,OIl  * 

Cll3As(OC4llj,)2 

11.5..5~116 

93  -95(13) 

1.0S46 

1.451.5 

9.3 

12.5 

5 

C2ll5AsO(OC4lI«)2  { 

C4ll„OIl  * 
(;2ll3As(OC4llfl)2 

115.5-117 

103  —106(1.3) 

1.0727 

1 .4533 

1.5.5 

19.6 

•  Identified  as  3,5-dinitrobenzoate. 

••pound  <70:  As  26.62.  .C^il^OAs  (0x34119)2.  Calculated  7o:  As  26.74. 

In  almost  all  the  cases  (Nos.  2-5,  Table  2)  diermal  decomposition  of  the  esters  of  alkylarsonic  acids  was 
accompanied  by  formation  of  an  alcohol  with  die  radical  found  in  the  alkoxy  group  of  the  original  ester.  In  die 
pyrolyzate  of  di-n- butyl  mediylarsonate  dicre  was  a  carbonyl  compound  which  reacted  with  2,4-dinitrophenyl- 
hydrazone. 


EXPERIMENTAL 

Preparation  of  diethyl  n-propylarsonate.  In  a  flask  fitted  with  a  reflux  condenser  we  placed  12.2  g  of 
selenium  dioxide  and  400  ml  of  anliydrous  benzene.  To  die  solution  in  die  flask,  heated  to  boiling,  we  added 
39.0  g  of  diediyl  n- propylarsonite.  The  color  of  die  reaction  mixture  changed  to  black, and  metallic  selenium 
separated.  After  it  had  been  heated  for  three  hours,  the  reaction  mixture  was  cooled,  die  selenium  was  filtered 
off,  die  solvent  was  distilled,  and  the  residue  was  twice  vacuum  distilled.  We  obtained  23.38  g  (53. 3%)  of 
diediyl  n-propylarsonate  (Table  1,  substance  No.  l). 

The  other  alkyl  esters  of  die  alkylarsonic  acids  were  obtained  by  an  analogous  method  by  oxidation  of  the 
corresponding  ester  of  die  alkylarsonous  acid  by  selenium  dioxide. 

>  Pyrolysis  of  diethyl  n-propylarsonate.  In  a  distillation  flask  fitted  with  diermometers  to  measure  the 

temperature  in  die  reaction  mixture  and  die  vapor  we  heated  energetically  22.5  g  of  diethyl  n-propylarsonate, 
whereupon  a  liquid  widi  b.  p.  235-242*  distilled  over  (20.99  g).  The  residue  in  die  flask  (1.23  g)  was  tarry. 

As  a  result  of  repeated  vacuum  distillations,  die  distillate  was  separated  into  two  substances: 

a)  2.50  g  of  n- propyl  diediylarsonitc  (Table  2,  No.  la). 
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Found  <70:  As  34.09.  MRp  49.66.  CyH^OgAs.  Calculated  As  33.44.  MRd  50.07. 

b)  9.16  g  of  dietliyl  n-propylarsonite  (Table  2,  No.  lb). 

Pyrolysis  of  di-n-propyl  n-propylarsonate.  We  heated  11.17  g  of  the  di-n- propyl  ester  for  one  hour  In  a 
distilling  ilask  in  such  a  way  tliat  the  temperature  of  the  distilling  vapor  lay  between  159-174*  and  that  of  the 
reaction  mass  between  244-272*.  As  a  result  of  tlie  distillation  we  obtained  7.41  g  of  pyrolyzate  and  a  tarry 
residue  (3.0  g).  After  distillation  two  fractions  of  distillate  were  obtained. 

The  first  was  0.67  g  (8.4%)  of  a  substance  with  b.  p.  25-35*  (11  mm).  A  colorless  liquid  which  easily 
evaporated  at  this  pressure.  In  the  reaction  [7]  with  3,5-dinitrobenzoyl  chloride,  needle  shaped  crystals  were 
formed  with  m.  p.  70-71.5®  (from  ligroin),  A  sample  mixed  with  n-propyl  3,5-dinitrobenzoate  melted  in  the 
same  range.  According  to  the  literature,  m.  p.  74*[8]. 

The  second  was  1.54  g  of  a  liquid  with  b.  p.  87-94*  (11  mm),  d^®4  1.0849,  n^D  1.4489, 

According  to  the  literature  di-n-propyl  propylarsonite  [2]  bolls  at  106-107*  (35  mm),  d*®4  1.0829, 
n^D  1,4509;  tri- n-propyl  arsenlte  [9]  boils  at  94-96  *  (11  mm),  d“4  1.1277,  n*®D  1.4427. 

In  the  reaction  of  1.03  g  of  the  resulting  liquid  with  3  g  of  potassium  iodide  in  20  ml  of  18%  hydrochloric 
acid  in  a  sulfur  dioxide  atmosphere  there  separated  a  white,  flaky  precipitate  and  an  orange,  oily  liquid.  The 
latter  after  drying  with  calcium  chloride  had  b.  p.  131*  (11.5  mm).  B.  p.  of  propyldiiodoarsine  [10]  133.5-137* 
(11  mm). 

Pyrolysis  of  di-n- butyl  n-propylarsonic  acid.  In  tlie  thermal  decomposition  of  23.32  g  of  the  ester  by  a 
method  analogous  to  the  preceding  tliere  was  formed  19.13  g  of  distillate  with  b.  p.  160-180*  and  7.54  g  of  tar. 
Repeated  distillation  of  the  pyrolyzate  gave  tlie  following  products: 

n- Butyl  alcohol  [11]  2,55  g,  and  1.52  g  of  di-n- butyl  n- propylarsonite  (Table  2,  No,  3). 

Found  As  28.47.  MRq  67.52,  CijH2502As.  Calculated  %;  As  28.43.  MRj)  67.70. 

In  the  reaction  of  this  ester  with  hydriodic  acid  we  obtained  propyldiiodoarsine  witli  b.  p,  130*  (11  mm). 

Pyrolysis  of  di-n- butyl  methylarsonate.  Thermal  decomposition  of  22.03  g  of  ester  led  to  formation  of 
15.67  g  of  JTstillaielTItir  b.  p.  ru7^200*  and  5.15  g  of  tarry  product.  After  distillation  we  obtained  a  distillate 
of  the  following  fractions  (Table  2,  No.  4), 

First,  0.42  g  of  a  substance  with  b.  p.  113-115*.  In  the  reaction  [7]  with  2,4- dlnittophenylhydrazine  it 
gave  a  yellow  precipitate.  We  could  not  isolate  tlie  hydrazone  in  pure  form. 

Second,  1.20  g  (9.3%)  of  n-butyl  alcohol  with  b.  p.  115.5-116  *.  In  the  reaction  [7]  with  3,5- dlnitro- 
benzoyl  chloride  it  gave  soft,  silky  crystals  with  m.  p.  61-62*.  A  sample  mixed  with  n-butyl  3,5-dinltrobcnzoate 
melted  at  the  same  temperature.  According  to  die  literature  [8],  m.  p.  64*. 

Third,  2.57  g  of  dl-n-butyl  methylarsonite. 

Found  %:  As  31.69.  MRq  58.82.  CjHgjOjAs.  Calculated  %:  As  31.72.  MRj)  58.57. 

Pyrolysis  of  di-n- butyl  ediylarsonate.  In  the  thermal  decomposition  of  21.06  g  of  ester  tliere  distilled 
14.63  g  of  distillate  with  b.  p.  157-193®;  residue  (5.80  g)  formed  a  tar.  Fractionation  of  the  distillate  led  to 
separation  of  the  following  substances  (Table  2,  No.  5): 

First,  1.82  g  (15.5%)  of  n-butyl  alcohol,  characterized  as  the  n-butyl  3,5-dinittobenzoate  [7]  with  m.  p. 
62-63*.  A  sample  mixed  with  n-butyl  3,5-dinitrobenzoate  gave  no  depression  of  the  melting  point.  According 
to  the  literature  [8],  m.  p.  64*. 

Second,  3.88  g  of  dl-n-butyl  ediylarsonlte. 

Found  %:  As  29.85.  MRq  63.07.  CioHzjOjAs.  Calculated  %:  As  29.94.  KIRq  63.19. 
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SUMMARY 


We  have  found  that  thermal  decomposition  of  alkyl  esters  of  alkylarsonic  acids  results  in  formation  of  two 
arsenic- containing  products,  esters  of  alkylarsonous  acid  and  trialkylarscnites.  The  reaction  is  accompanied  by 
formation  of  an  alcoliol  with  the  radical  found  in  the  alkoxy  group  of  the  original  ester  of  tlie  alkylarsonic  acid. 
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N-a-HYDROXYBENZYLARY  LS  U  LF  ON  A  M 1 DES 
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Original  article  submitted  May  4,  1959 


We  earlier  reported  the  preparation  of  N-fi -hydroxyalkylary Isulfonamides  by  tlie  reaction  of  arylsulfonamides 
with  propylene  oxide  [Ij.  Analogous  compounds  have  been  described  in  [2,  3J.  In  the  present  work,  we  have  pre¬ 
pared  some  N-a-hydroxybcnzylarylsulfonamides.  The  reaction  of  arylsulfonamides  (1)  occurs  with  the  splitting 
of  two  atoms  of  hydrogen  from  tlie  benzenesulfonamide  group  which  is  probably  connected  wiUi  the  junction  of 
ihe  benzene  ring  and  the  sulfonamide  group,  and  also  the  electrophilic  action  of  tlie  sulfur  atom. 


+  ^  + 

ArS  NII2 

'^O 

(I) 

This  splitting  is  catalyzed  by  the  presence  of  alkali.  Spectrographic  study  of  the  benzenesulfonamide  In 
an  alkaline  medium  at  ratio  of  molar  concentrations  2:1  has  shown  that  in  this  case  a  doubly  charged  anion  of 
benzenesulfonamide  (C5H5SO2N)”  is  formed  [4]. 

There  is  evidently  the  possibility  of  simultaneous  formation  of  a  singly  charged  anion  (C5H5SO2NH)"  which 
may  predominate  at  different  ratios  of  the  alkaline  catalyst.  Thus,  we  can  assume  tliat  salts  of  arylsulfonamides 
can  react  witli  alddiydes  with  formation  of  a-hydroxy  derivatives  according  to  the  .cheme 


Ar,SO,,MlNa  -\- 


0. 

'^CArj— > 

11/ 


A  r  1  SO^N  N  a —CM  A  r2 . 


Oil 


We  have  studied  this  reaction  for  different  arylsulfonamides  (see  table)  with  p-dimethylamino-  and  p- 
dietliylaminobenzaldehyde,  o-eUroxybenzaldehyde,  and  m-nitrobenzaldehyde. 


The  reaction  occurs  according  to  the  suggested  scheme  for  all  the  aldehydes  studied  with  mesltylene- 
sulfonamide.  For  the  other  ary'lsulfonamldes  we  have  succeeded  in  isolating  the  products  of  the  reaction  only 
in  the  case  of  dimethylaminobenzaldehyde.  The  reaction  was  carried  out  in  anhydrous  methyl  alcohol  In  the 
cold,  and  with  prolonged  standing.  N- a- hydroxy  derivatives  precipitated  as  yellow,  well  formed  crystals.  The 
most  active  participant  in  the  reaction  was  mesitylenesulfonamlde;  In  this  case  reaction  occurred  In  10-30 
minutes,  while  for  tlie  other  sulfonamides  it  took  from  ten  hours  to  tv/o  to  tliree  days.  Of  the  arylsulfonamides 
with  nucleophilic  substituents,  we  carried  out  the  reaction  with  mesitylene,  p- toluene,  p-chloro,  and  p-lsopropyl 
benzenesulfonamide,  Isopropylbenzenesulfonamide  was  the  least  active.  Of  the  arylsulfonamides  with  electro¬ 
philic  substituents , we  studied  m-nltrobenzenesulfonamide.  The  reaction  with  this  arylsulfonamide  takes  two 
days  and  yields  42<^o  of  product.  The  compounds  which  we  obtained  are  shown  in  the  table. 
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AriS02NH-CH(0H)Ar2 


Yield, 

1 

\  S 

Ar, 

Ar, 

M.p. 

1 

found  j 

found  j 

% 

calc. 

calc. 

(I)  Cells 

1 

)  1 

49 

197-200^ 

295* 

i 

300 

9.25 

9.16 

(11)  p-ClCell^ 

1 

49.5 

164 — 165 

332 

340.8 

8.20 

8.23 

(III)  PCII3CCII4 

1  !CeH4N(CH3), 

55.8 

107-169 

310 

320.4 

8.70 

8.74 

(IV)  1.2,3(Cll3)3Cull2 

!  1 
.  1 

63.5 

177-177.5 

335 

348.5 

S.IO 

8.04 

(V)  p-NOjCgli, 

1 

42.5 

170-172 

315 

305.3 

9.25 

9.19 

(VI)  p-(CH3)2CHC6H4 

1 1 

28.8 

151-152 

335 

34S.5 

8.12 

8.04 

(\  1I)\i,2,3-(CH3)3C6H2 

1  Coll4N(C2H5)2 

43.4 

1 

105 — 10.)..) 

;  372 

1 

7.(0 

/.45 

(Vlll)> 

Coll40Call5 

1 

109—111 

j  340 

34/. 5 

8.15 

8.08 

The  resulting  N-a-hydroxybenzyl  derivatives  are  yellow  crystalline  substances,  soluble  in  hot  alcohol,  hot 
benzene  and  ligroin,  not  soluble  in  carbon  tetrachloride,  ether,  water,  or  alkali,  it  is  an  interesting  fact  that 
compounds  of  this  type,  as  distinguished  from  the  d -hydroxy  derivatives  and  other  arylsulfonamide  compounds 
with  free  hydrogen  atoms  on  the  nitrogen  of  the  sulfonamide  group,  are  not  titrated  by  alkali  and  do  not  dissolve 
in  it.  It  can  be  assumed  that  this  characteristic  is  caused  by  the  possibility  of  formation  of  a  hydrogen  bond 
between  the  hydrogen  atoms  of  tlie  amide  group  and  the  oxygen  atoms  of  the  hydroxvl  group. 


AriSO^Nll — CH— Arj 

''v  I 
H-0 


In  order  to  confirm  the  structure  of  the  N- a-hydroxybcnzyl  derivatives  we  prepared  the  products  of  acylation 
and  of  replacement  of  die  hydroxyl  group  by  chlorine  in  tlie  case  of  N- a-hydroxydimethylaminobenzylbenzene- 
sulfonamlde.  Acylation  was  carried  out  by  boiling  with  acetyl  chloride  for  one  hour.  The  titration  equivalent  of 
the  acyl  derivative  with  alkali  equals  1;  it  is  soluble  in  acetic  acid  and  hot  water.  Qilorine  substitution  of  the 
product  was  carried  out  by  action  of  thienyl  chloride  and  gave  a  very  hygroscopic  substance  which  deliquesced  in 
air  and  was  soluble  in  hot  benzene. 


EXPERIMENTAL 

Reaction  of  p-dimetltylaminobenzaldehyde  with  the  sodium  salts  of  arylsulfonamides.  A  mixture  of 
0.01  mole  of  Na  salt  of  arylsulfonamide  and  0.012  mole  of  aldehyde  was  dissolved  in  anhydrous  methyl 
alcohol  and  allowed  to  stand  at  room  temperature  until  precipitation  was  complete  (from  ten  hours  to  two  to 
three  days).  The  solution  was  treated  with  2-3  drops  of  hydrochloric  acid  to  an  acid  reaction  to  Congo,  the 
precipitate  was  filtered,  washed  with  5*%  alkali  and  water  and  recrystallized. 

Reaction  of  N- g-hydroxy-p-dimethylaminobenzylbenzenesulfonamide  with  thionyl  chloride.  A  mixture 
of  0.002  mole  (I)  with  0.004  mole  of  thionyl  chloride  was  heated  for  two  hours  in  a  solution  of  anhydrous 
benzene.  At  the  end  of  the  reaction  the  crystalline  precipitate  which  had  formed  was  filtered  and  washed  with 
benzene.  We  obtained  0.7  g  of  a  hygroscopic  substance.  For  analysis  we  took  the  wet  product. 

Found  Cl  12.80.  CigH^OjNjSCl.  Calculated  Cl  11.00. 

Acetylation  of  N-a-hydroxy-p-dimethylaminobenzylbenzenesulfonamide.  A  mixture  of  0.002  mole  (1) 
with  0.003  mole  of  acetyl  chloride  was  heated  for  one  hour  on  a  water  bath.  The  precipitate  was  waslied 
several  times  with  benzene  and  recrystallized  from  water.  We  obtained  a  product  with  m.  p.  72-73";  the 
titration  equivalent  was  1. 
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SUMMARY 


We  have  obtained  and  studied  N- o-hydroxydimethylbenzylbenzenesulfonimide,  N-a-hydroxydimethyl- 
benzyl-p-chlorobenzenesulfonaniide,  N-a-hydroxydimetliylbenzyl-p-toluenesulfonamide,  N-a-hydroxydimethyb 
benzylmesitylenesulfonamide,  N-  a-hydroxydimethylbenzylisopropylbenzenesulfonamide,  N-  a-hydroxydimetliyl' 
benzyl- m-nitrobenzenesulfonamide,  N-  a-hydroxydiethylbenzylmesitylenesulfonamide,  N-  a-hydroxyethoxy- 
benzylmesitylenesulfonamide,  and  some  of  their  derivatives. 
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CONDENSATIONS  OF  5  -  H  A  LOF  URF  U  ROLS  WITH  METHYL  KETONES 
II.  CONDENSATIONS  WITH  ACETOPHENONE  AND  ITS  DERIVATIVES 
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Recently  there  has  been  great  interest  in  a,  fl- unsaturated  ketones  of  type  (I)  not  only  in  connection  wltli 
their  physiological  activity  [Ij,  but  also  because  of  tlie  possibility  of  tlielr  use  as  intermediates  in  organic 
synthesis  [21. 


RCH=CHCOCjH4Y  (I),  where  R  is  aryl,  a- thienyl, 
a-fiiryl,  and  Y  is  H,  Cl,  Br,  OCH3,  OH,  NO2,  NH2,  etc. 

The  condensation  of  furfurol  witli  acetophenone  [3],  depending  on  ratio  of  reagents  and  reaction  conditions, 
gives  furfurylideneacetophenone  (I,  X  =  Y  =H),  furfurylidenediacetophenone  (11),  and  two  isomeric  difurfuryli- 
denetriacetophenones  (III). 

The  condensation  of  furfurol  witli  acetophenone  and  its  substituticn  products  has  attracted  the  furtlier 
attention  of  a  number  of  investigators  [4j.  In  studying  tlie  rate  of  reaction  between  furfurol  and  acetophenone 
it  was  shown  tliat  it  is  directly  proportional  to  die  furfurol  concentration  [5],  The  possibility  was  established  of 
reciprocal  replacement  of  ketones  in  the  condeasation  products  with  fuifurol,  and  a  mediod  was  worked  out  for 
the  quantitative  determination  of  acetone  in  die  presence  of  acetophenone,  and  also  of  acetophenone  in  the 
presence  of  acetone  [6J. 

The  condensation  of  5-halofurfurols  with  acetophenone  and  its  substituted  products  has  not  been  studied. 

In  view  of  the  radier  characteristic  behavior  of  5-halofurfurols  which  we  showed  previously  [7],  it  was  of  interest 
to  determine  die  effect  of  the  halogen  on  the  course  of  die  condensation  reaction  of  5-halofutfurols  widi  aceto¬ 
phenone  and  its  derivatives,  die  ratio  of  condensation  products  to  sulfuric  acid,  and  also  die  effect  of  the  nature 
of  die  substituents  in  die  furan  and  benzene  rings  on  die  physiological  activity  of  the  preparations. 

We  carried  out  the  condensation  of  5-halofurfurols  (X  =C1,  Br,  I)  with  acetophenone  (Y  =H),  p-chloro- 
and  m-nitroacetophenones  (Y  =C1,  NO2)  in  die  presence  of  both  alkaline  reagents  (caustic  alkalis,  carbonates, 
bicarbonates,  calcium  hydroxide)and  of  acids  (gaseous  HCl).  However,  it  was  shown  diat  as  in  the  case  of 
acetone  [7],  acetophenone  reacts  widi  5-halofurfutols  only  in  an  alkaline  medium.  Depending  on  die  ratio  of 
the  reagents  and  the  temperature  of  die  reaction  (Table  l),  we  obtained  condensation  products  of  type  (I),  5- 
halofurfurylideneacetophenone  and  type  (11),  5-halofurfurylidenediacctophcnone. 

In  all  cases,  independent  of  die  ratio  of  reacting  components  (from  1:1  to  1  :10),  diere  were  first  formed 
compounds  of  type  (1),  and  dicn,  according  to  die  scheme  given  below,  compounds  of  type  (II).  This  was  shown 
by  obtaining  compounds  of  type  (II)  from  compounds  of  type  (I)  and  acetophenone  in  die  presence  of  alkali 
solution. 
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In  all  probability  the  reaction  goes  through  the  formation  of  aldols,  for  the  alkaline  catalyst  removes  a 
proton  from  the  acetophenone  molecule  with  formation  of  anion  (A)  wliich  combines  wltJi  tlie  carbonyl  carbon 
of  the  halofurfurol. 


X  CH^-c-CsH^y 


0  (A) 


xJ  JLc-cH,-c-cAy , 

0  1  II  ® 

H  P  (B) 


The  resulting  anion  (B)  adds  a  proton,  changing  to  a  molecule  of  aldol  (C). 


(-) 

O 

I  11+ 

X-''  i!_(:_cn2-c-(V.n,Y  -- 

I  II 

II  o 


on 


X-»  il_o_cil2-C-Coll4Y 

I  II 

H  0 

(C) 


-n,o 


C11=CI1C0C4,H4Y. 


(I) 


However,  an  attempt  to  separate  the  aldol  has  not  yet  been  successful. 

The  formation  of  5-halofurfurylidenediacetophenone  (II)  shows  the  rather  high  activity  of  the  double  bond 
In  the  a,  8- unsaturated  ketones  wltli  respect  to  nucleophilic  reagent  anions  as  a  result  of  combination  of  carbon- 
carbon  and  carbon— oxygen  bonds. 


•+  nJc-c-CeH^y 

0  II  >  II 

0^^  0 


0  CHj-COCcH^y 
(6)  ^ 


O  CH^COW 

CHC  +  OH 


0  CHjCorjH^y 

(ID 


t  xJnLcH^^CH^C-CfiH^y 
»  0  IK 

CH-CH^COCgH^y  xX^-CH-CHjCOCjH^y 

0  I  HOH  0  I  f., 

CHC0C6H4y  - ^  _ ^  CHcoCgH^y  +oh 

-1[  jL  CHCHCOCsH^y  “ ' 


■CH2C0C6H4y 


(in) 


On  long  standing  of  alcohol  solutions  of  a  mixture  of  equimolecular  amounts  of  5-halofurfurylideneaceto- 
phenone  (I)  wltlt  5-halofurfurylidenediacetophenone  (II)  in  die  presence  of  a  water  solution  of  alkali,  we 
succeeded  in  obtaining  a  high  boiling  product,  in  all  probability  di(5-halofurluryliden{) triacetophenone  (Ill) 
about  which  we  will  report  later. 

5-Halofurfurylideneacetophenones(I)  easily  form  2,4-dinitrophcnylhydrazones  [8];  they  dissolve  in  strong 
sulfuric  acid  widi  formation  of  a  colored  solution.  However,  die  influence  of  substituents  .(chlorine,  bromine, 
iodine)  in  the  furan  ring  in  position  5  does  not  have  as  strong  an  effect  on  die  change  in  color  of  die  furfuryll- 
deneacetophenone  in  sulfuric  acid  as  in  the  case  of  bis  (5-halofurfurylidene)  acetone  [7],  aldiough  for  it  there  also 
exists  a  minimum  concentration  of  sulfuric  acid  (Table  l)  at  which  die  color  begins  to  occur. 
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TABLE  1 

5-Halofurfurylideneacetophenones  X  — (C4H2O)— CH  =CHCOC5H4Y 


2,4-dinitrophenylhydrazone 
(from  benzene) 

color 

Bright  red 

n 

Red 

Bright  red 

Orange  red 

Red 

Bordeaux 

•t 

Orange -red 

Red 

2 

calc. 

13.57 

12.25 

11.11 

found 

13.32 

12.19 

11.02 

cx 

E 

0  00  08 

“•T  M  po  'V  00  vf  CM  0  ”7 

0 0  tc  0  cTj  3:  0 

00  00 

%  ‘*'08^1 
'DUOD  *U11M 

55.97 

62.00 

60.65 

55.97 

62.00 

60.65 

55.97 

62.00 

60.65 

Nature  of 

color  with 

80%  H2SO4 

Orange 

Straw  colored 
Yellow 

Bright  orange 

Yellow 

Yellow  with 
brown  tint 

Greenish- 

yellow 

Rose  -yellow 

Yellow  with 

crimson  tint 

Yellow 

Yellow-orange 

1 

Percent 
halogen*  • 

found  calc. 

15.27 
29.17 

13.27 
28.85 

40.13 

24.84 

39.19 

48.54 

34.42 

t 

1 

1 

15.37 

29.07 

13.07 

28.53 

39.86 

24.67 

39.53 

48.07 

.34.20 

M (according 
to  Beckmann) 

calc. 

232.7 

267.0 

277.5 
277.2 

311.0 

322.0 

324.1 

358.5 

369.0 

found 

249.5  ** 
279.0  ** 

269.4 
269.7 

313.4 

324.5 

315.5 

352.2 

361.9 

(X 

2 

107.5- 108® 

134  —135 
140  —141 
104  —105 

139.5- 140 

136  —137 

135  —136 

136  —137.5 

119  —120 

100  -101 

35 

2 

*^051000  0  VO  Si  vy 

05000005  C5  00  05  w  w  OTW 

(lui)  loqooiB 
jo  junouiv 

IfO  lO  0  0  00  OOP-)  (-)(-) 

(MIMOvr  -a-  00  0  0  0  0° 

>• 

«  74  74  ^ 

—  T  =:  V  z  ZX, 

0.6  c  g  “-HE 

X 

0  cT"  — 

= _ i  —  z-  •-  u.  ~  2 

—  aou  a  CQ  —  —X 

0  CQ  —  X 

0-  _• 

X  0 

UJ  2; 

cm  CO  -T  i.*:  0  00  35  O'*- 
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•  In  the  synthesis  of  p-chloroacetophenone  instead  of  carbon  disulfide  [11]  die  solvent  was  excess  chlorobenzene.  Yield  52<7o. 

••  According  to  Rast. 

•••  Determined  according  to  [9];  in  Experiments  2,  5,  8,  we  found  the  total  halogen  content  by  the  Carius  method. 

••••  Furfurylideneacetophenone  was  obtained  according  to  [3];  after  distillation  in  a  vacuum,  m.  p.  35*  (from  ligroin)  instead  of  the 
literature  value  of  29’  [4b]. 


S-Halofurfurylideneacetophenoneslike  other  5-substituted  furans  [9]  quantitatively  evolve  the  halogen 
when  heated  with  HNO3  (d  1.4).  When  heated  wltli  K1  in  glacial  acetic  acid  in  sunlight,  tlte  bromine  of 
5-bromofurfurylideneacetophenone  is  easily  exchanged  with  iodine  with  formation  of  5-iodofurfutylideneaceto- 
phenone;  in  die  broniination  of  5-bromofurfurylideneacctophenone  we  obtained  3- (b-bromofuryO-l- phenyl- 
2, 3-dibromopropan-l-one  Br-(C4H20)— CliBr  — CHBr  -COCgHg  (V),  which  does  not  give  a  colored  solution 
with  sulfuric  acid. 

EXPERIMENTAL 

1)  5-Halofurfurylideneacetophenone  (1).  We  dissolved  0.01  mole  of  the  corresponding  5-halofutfurol 
and  acetoplicnone  in  a  minimum  amount  ot  BO'To  edianol  and  with  mechanical  stirring  at  20  *  wc  added  dropwise 
20*70  aqueous  NaOH  calculated  at  2  ml  per  0.01  mole  of  halofurfurol.  After  several  seconds  a  precipitate  of 
fine  crystals  appeared;  die  mixture  was  stirred  for  30  minutes  more,  die  precipitate  was  separated,* washed  with 
10*70  hydrochloric  acid  and  then  widi  water  to  a  neutral  reaction.  The  use  of  methanol  showed  no  effect  on  the 
yield;  sunlight  hastened  die  reaction. 

iTie  5-halofurfurylideneacetophenonesdid  not  dissolve  in  water,  were  poorly  soluble  in  cold  ethyl  and 
methyl  alcohols  (but  easily  soluble  widi  heating) and  also  in  ligtoin  and  formic  acid;  easily  soluble  in  ether, 
benzene,  dichloroe thane,  carbon  tetrachloride,  acetone,  acetophenone,  and  glacial  acetic  acid.  After  re- 
crystallization  from  alcohol,  yellow  crystals  (see  Table  1)  in  die  form  of  prisms,  not  optically  homogeneous, 
showing  pleochromism. 

2)  3-(5-Broniofuryl)-l-phenyl- 2,3-dibromopropan-l-one,  To  a  solution  of  2.77  g  of  5-bromofurfuryli- 
dencacctophenonc  in  30  ml  of  CCI4  with  energetic  stirring  and  cooling  (7-10*)  we  added  dropwise  a  solution 
of  1 .6  g  of  bromine  in  20  ml  of  carnon  tetrachloride  and  poured  the  mixture  into  a  beaker  (for  volatilization 
of  die  solvent).  We  obtained  3.5  g  (80*7o  from  edier  without  heating)  of  white  plates,  m.  p.  125-126* 
(decomposition). 

Found  Br  53.92,  54.04.  M  426.  Ci3fl902Br3.  Calculated  *7o:  Br  54.23.  M  437. 

3)  5-Malofurfurylideneacetophenone  (11).  a)  A  mixture  of  0.01  mole  of  5-halofurfutol,  0.02  mole 
of  acctoplienonc,  2  ml  oT  a  40 solution  of  NaOH  and  die  corresponding  amount  of  ethanol  (sec  Table  2)  was 
heated  for  15  minutes  on  a  boiling  w’ater  bath;  with  cooling, crystals  separated  and  were  filtered  and  washed  with 
cold  aqueous  alcohol.  White  needles  from  edianol  (Table  2). 


TABLE  2 

5-  Halofurfuryl idenediacetophenones  X  -  (C4H2O)—  CH  (CH2COCgH5)2 


Ex  pt . 
No. 

1 

Amt.  of 
ethanol,  ml 

Yield,  <7o 

M.p. 

A1  1 

Percent  halogen 

found 

calc. 

found 

calc. 

1 

Cl 

15 

75 

105-106“  (from  alcohol) 

342.1 

! 

352.f> 

9.83 

10.07 

2 

III 

:o 

7G 

■  100-101“  (from  ligroin) 

1  400.0 

3!)7.3 

1 

20.17, 19.86 

20.13 

3 

I 

30 

j 

70 

139-140“  (from  ligroin) 

430.3 

444.0 

28.23 

28.60 

b)  A  mixture  of  0.01  mole  of  5-halofurfuryltdeneacetophenone,  O.Ol  mole  of  acetophenone,  2  ml 
of  40*7©  NaOH,  and  die  corresponding  amount  of  edianol  (see  Table  2)  was  heated  on  a  water  bath  for  ten 
minutes  and  allowed  to  stand  for  six  days  at  room  temperature.  The  precipitate  which  separated  was  filtered, 


*  The  filtrate  could  be  used  successfully  for  repeated  condensations.  Under  these  conditions  the  yield  decreased 
by  only  l-2*7o,  die  cost  of  solvent  and  alkali  was  reduced. 
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washed  repeatedly  with  water  and  cold  alcohol,  and  crj'stallized  from  llgroin.  The  5-halofurfurylidenediaceto- 
phenoncs  were  white  cr)'Stalline  substances  which  distilled  In  a  vacuum,  easily  soluble  In  most  organic  solvents 
(ether,  benzene,  acetone,  acetophenone,  glacial  acetic  acid,  carbon  tetrachloride,  dichloroethane),  not  soluble 
in  water,  poorly  soluble  in  cold  etliyl  and  methyl  alcohols  but  easily  so  with  heating,  and  also  in  ligroin  and 
formic  acid. 

SUMMARY 

1.  We  have  shown  tliat,  depending  on  conditions  and  ratio  of  reagents,  the  condensation  of  5-halofutfurol 
witli  acetophenone  can  occur  with  formation  of  5-halofurfurylideneacetophenone  (yield  quantitative)  or  5-halo- 
furfurylidcnediacetophenone  (yield  from  70  to  TG^). 

2.  We  have  obtained  nine  a,  fl-unsaturaicd  ketones  and  three  5-halofurfurylidenedlacetophenones  which 
are  not  described  in  the  literature. 

3.  We  have  established  that  as  distinct  from  bis (5-halofurfurylidene)  acetone,  the  nature  of  the  halogen 
(Cl,  Br,  I)  in  tlie  5  position  of  tlie  furan  ring  docs  not  show  much  effect  on  tlie  color  of  tlie  solution  of  5- 
furfurylideneacetophenonein  sulfuric  acid. 

4.  We  have  shown  the  possibility  of  replacement  of  bromine  by  iodine  in  5-bromofurfurylldeneaceto- 
phenone. 
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REACTIONS  OF  TROPYLIUM  SALTS  WITH  SUBSTANCES  WHICH 
CONTAIN  MOBILE  HYDROGEN  ATOMS 

M.  E.  Vorpin,  I.  S.  Akhrem,  and  D.  N.  Kursanov 
Moscow  Institute  of  Heteroorganic  Compounds 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No,  4,  pp.  1187-1190,  April,  1960 
Original  article  submitted  April  27,  1959 


We  have  recently  shown  that  tropylium  salts  can  easily  react  with  various  substances  which  contain 
mobile  hydrogen  in  a  C  — H  bond  [1],  This  reaction,  which  we  have  called  the  tropyiation  reaction,  was  studied 
in  greater  detail  in  tl'e  case  of  the  reaction  of  tropylium  salts  with  aliphatic  aldehydes  [2],  It  was  shown  that 
the  reaction  occurs  quicidy  even  at  room  temperature  with  tlie  formation  of  cycloheptatrienyl  derivatives  of 
aldehydes,  and  substitution  takes  place  in  the  a- position  to  the  carbonyl  group. 

In  the  present  work  vc  have  studied  the  reaction  of  tropylium  bromide  with  derivatives  of  carboxylic  acids 
and  ketones.  We  have  shov/n  that  aliphatic  monocarboxylic  acids  (acetic,  propionic,  butyric)  and  tlielr  esters 
(methyl  acetate,  ethyl  acetate,  etliyl  propionate)  even  v/ith  long  heating  do  not  react  v/ith  tropylium  salts. 

The  matter  is  different  with  substances  in  which  the  mobility  of  the  a-hydtogen  atom  is  Increased  by  the  intro¬ 
duction  of  an  activating  substituent.  Thus,  malonic  acid,  acetoacetic  ester,  cyanoacetlc  ester,  and  nitroacetlc 
ester  react  rapidly  with  tropylium  salts  even  at  room  temperature.  In  all  cases,  we  found  the  corresponding 
products  of  replacement  of  one  atom  of  hydrogen  by  tlte  cycloheptatrienyl  residue. 


Br“  +  CHjlCOOHli 


Br*  +  NCCHjCOOCHj 


-l-HBr 

-f  HPr 

-l-HBr 


Ketones  which  contain  one  carbonyl  group  without  activating  substituents  (acetone,  acetophenone)  take 
part  in  the  tropyiation  reaction  under  considerably  more  severe  conditions.  With  prolonged  heating  of  the 
ketones  with  tropylium  bromide  there  is  replacement  of  die  a-hydtogen  atom  with  formation  of  monosubstituted 
products. 
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Tlie  introduction  of  a  second  carbonyl  group  strongly  activates  die  molecule.  Thus,  for  example  acetyl- 
acetone  reacts  rapidly  widi  tropylium  salts  even  in  the  cold. 

It  Is  known  tliat  by  treatment  with  soda. aqueous  solutions  of  tropylium  bromide  form  dicycloheptatrienyl 
edier  [3].  Unlike  ordinary  ethers,  this  compound  contains  a  very  labile  C  — O  bond  and  easily  splits  under  die 
action  of  mineral  acids  with  the  formation  of  tropylium  salts. 

(^7117)20  4  2HBr  2(:7ll7^13r-  + llfO 

It  has  been  shown  that  ditropyl  ether  can  react  when  heated  with  acetoacetic  ester  to  form  the  same  product 
as  tliat  from  die  reaction  of  tropylium  bromide  widi  acetoacetic  ester. 


2CnsCOCU2COOC.2ilr. 


XOOCVlr. 

\cOCII3 

-f  II.2O 


EXPERIMENTAL 

Cycloheptatrienylacetoaceilc  ester.  To  a  solution  of  1.61  g  of  tropylium  bromide  in  25  ml  of  water  was 
added  1.5  g  of  acetoacetic  ester,  and  alcohol  to  the  formation  of  a  homogeneous  solution.  After  30  minutes  at 
room  tem[XJrature,  die  reaction  had  ended  (absence  of  a  precipitate  with  I^PtClg).  The  solution  was  diluted 
with  water  and  extracted  with  ether.  The  ether  extract,  washed  with  water,  was  dried  over  MgSQj.  After  distilla¬ 
tion  of  die  solvent  and  excess  acetoacetic  ester  we  collected  1.24  g  (59  %)  of  a  substance  with  b.  p.  121. 5-12^1. 5* 
(3  mm),  n^°D  1.5002.  After  repeated  distillations,  the  substance  had  the  following  constants: 

B.  p.  121.5*  (3  mm),  n^D  1.5048,  d^^  I.O6OI,  MR  61.60;  calc.  60.30  (for  the  keto  form),  61.34 
(for  die  enol  form). 

Found ‘7o:  C  70.81,  70.85;  H  7.49,  7.54.  CigHigOa.  Calculated  C  70.88;  H  7.32. 

Cycloheptatrienylacetoacetic  ester  was  also  formed  in  good  yield  by  heating  ditropyl  ether  with  aceto¬ 
acetic  ester  in  benzene. 

B.  p.  130*  (4  mm),  n^D  1.5058. 

Founder  C  70.95,  70.96;  H  7.34,  7.30.  CialligOj.  Calculated  ^^0:  C  70.88;  H  7.32. 

Ethyl  ester  of  cyclopentatrienylnitroacetic  acid.  To  3.25  g  of  tropylium  bromide  in  25  ml  of  alcohol  was 
added  3  g  of  ethyl  nitroacetate.  After  30  minutes  the  solution  was  diluted  widi  water  and  extracted  widi  ether. 
The  edier  extract,  washed  widi  water,  was  dried  over  MgSO^.  After  distillation  of  die  solvent  and  unreacted 
nitroacctic  ester  in  a  vacuum  we  collected  2.58  g  (59.6%)  of  a  substance  with  b.  p.  138-139"  (4  mrn), 
n^®D  1.5057.  After  repeated  distillations,  die  substance  had  the  following  constants: 

B.  p.  129"  (2  mm),  n®D  1.5101,  1.1522,  MR  57.95;  calc.  56.66. 

Found  %:  C  59.26  ,  59.36;  H  5.94,  5.98;  N  6.24,  6.18.  CUH13O4N.  Calculated  %:  C  59.02; 

H  5.87;  N  6.27. 

Mediyl  ester  of  cyclohcptatrienylcyanoacetic  acid.  To  3.25  g  of  tropylium  bromide  in  25  ml  of  methyl 
alcohol  was  added  4  g  of  mediyl  cyanoacctate.  After  two  hours  the  reaction  had  ended.  The  medianol  solution 
was  diluted  widi  water  and  die  reaction  product  was  extracted  widi  edier. 

The  edier  extract,  washed  with  water,  was  dried  with  MgS04.  The  solvent  and  excess  cyanoacetic  ester 
were  distilled  off  in  a  vacuum.  We  collected  2,01  g  (55.9%)  of  a  substance  widi  b.  p.  128-132*  (3  mm), 
n*°D  1.5164.  After  repeated  distillations  we  obtained  a  substance  with  b.  p.  149*  (5  mm),  n^®D  1.5185. 

Found  %:  C  69.51,  69.75;  H  5.97,  6,04.  CnHnOzN.  Calculated  %;  C  69.82;  H  5.85. 
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Cycloheptatrienylmaloiiic  acid.  One  g  of  malonic  acid  and  1.61  g  of  tropylium  bromide  were  dissolved 
in  10  ml  of  water.  After  30  minutes  the  reaction  had  ended.  The  solution  was  extracted  with  ether.  The  ether 
extract,  washed  with  water,  was  extracted  several  times  with  5®7o  NaOH  solution.  The  alkaline  extract  re¬ 
mained  for  a  day  with  activated  charcoal.  The  alkaline  solution  was  acidified  with  hydrochloric  acid  (1  :l) 
to  an  acid  reaction  to  Congo,  and  was  then  extracted  with  ether.  The  washed  and  dried  ether  solution  was 
evaporated  in  a  vacuum.  After  dilution  with  ligroin  1.09  g  (59%)  of  cycloheptatrienylmalonic  acid  precipitated 
in  tlie  form  of  colorless  crystals.  The  acid  was  recrystallized  from  nitromethane.  It  decomposed  violently  at 
136- 137'. 

Found  %;  C  61.64,  61.62;  H  5.17,  5.15.  M  189.4  (titration).  C10H10O4.  Calculated  %:  C  61.84; 

H  5.19.  M  194.2. 

Cycloheptatrienylacetone.  We  boiled  3.25  g  of  tropylium  bromide  for  two  hours  in  aqueous  acetone 
(30  ml  of  acetone  and  10  ml  of  water).  The  reaction  solution  was  diluted  with  water  and  extracted  with  ether. 

The  ether  extract,  washed  with  water,  was  dried  with  MgS04.  After  distillation  of  the  solvent  we  collected 
1.35  g  (47.2%)  of  cycloheptatrienylacetone  with  b.  p.  75.5-76*  (2  mm),  n*®D  1.5236;  after  repeated 
distillations  tlie  substance  had  the  following  constants: 

B.  p.  70*  (2  mm),  n^D  1.5243,  (i\  0.9882,  MR  45.91;  calc.  44.79. 

Found  %;  C  80.87,  80.85;  H  8.24,  8.10.  CioHi20.  Calculated  %:  C  81.04;  H  8.16. 

The  2,4-dinittophenylhydtazone  had  m.  p.  161-164*  (from  alcohol). 

Found  %:  C  58.02,  58.07;  H  4.72,  4.87.  CicHig04N4.  Calculated  %:  C  58.53;  H  4.91. 

Cycloheptatrienylacetophenone.  We  boiled  5.21  g  of  tropylium  bromide  and  10  g  of  acetophenone  on  a 
water  baiTi  for  one  hour.  Considerable  tarring  occurred.  The  solution  was  extracted  with  ether,  washed  with 
water,  and  dried  with  MgS04.  After  distillation  of  the  solvent  in  a  vacuum,  we  collected  1.28  g  (19.7%)  of 
substance  with  b.  p.  151.5-152*  (5  mm). 

The  2,4-dinitrophenylhydrazone  had  m.  p.  183.5*  (from  acetone). 

Found  %;  C  64.91;  H  4.67;  N  14.61.  C2inie04N4.  Calculated  %;  C  64.61;  H  4.64; 'N  14.35. 

SUMMARY 

1.  We  have  shown  tliat  tropylium  bromide  reacts  witli  compounds  which  contain  a  mobile  hydrogen  atom: 
malonic  acid,  acetoacetic  ester,  acetylacetone,  nitroacetic  ester,  methyl  cyanoacetate,  acetone,  and  aceto¬ 
phenone. 

2.  This  reaction  of  tropylation  can  serve  as  a  general  method  of  synthesis  for  various  cycloheptatrlenyl 
derivatives. 

We  have  obtained  cycloheptatrienylmalonic  acid,  cycloheptatrienylacetoacetic  ester,  etltyl  ester  of 
cycloheptatrienylnitroacetic  acid,  methyl  ester  of  cycloheptatrienylcyanoacetic  acid,  cycloheptatrienylacetone, 
and  cycloheptatrienylacetophenone. 
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THE  REACTION  BETWEEN  1  -  PH  E  N  Y  L- 3- ME  T  H  Y  L- 3 , 4- OX  1  DO- 
1-BUTYNE  AND  DIETHYLAMINE 

T.  Hornet-  s 
Tanu  State  University 

Translated  from  Zhumal  Obshchel  Khimii,  Vol.  30,  No,  4,  pp.  1190-1193,  April,  1960 
Original  article  submitted  July  1,  1959 


It  follows  from  the  work  of  F.  Ya,  Perveev  and  co-workers  [Ij  on  the  reaction  of  a- oxides  of  tire  acetylene 
series  of  the  type 


H-C=C— C — 

I  I 

C\h  W 

witli  ammonia  or  amines  tliat  there  is  formed  the  corresponding  amino  alcohol  or  there  Is  direct  production  of  a 
pyrrole.  If  a  secondary  amine  is  introduced  into  die  reaction,  an  amino  alcohol  is  formed  in  which  both  hydrogens 
of  die  amino  group  are  substituted.  These  amino  alcdiols  are  cyclized  into  N-substituted  pyrrole  derivatives 
with  migration  of  one  of  the  radicals  on  the  nitrogen  into  position  3  cf  the  pyrrole  ring  [2], 

We  have  studied  the  reaction  of  1- phenyl- 3- methyl- 3,4- oxido-l-butyne  with  diethylamine.  The  oxide 
was  syndiesized  by  die  method  given  in  [3],  The  reaction  was  carried  out  in  a  sealed  glass  tube  at  100*.  It  was 
shown  that  under  these  conditions  dicre  is  both  formation  of  the  amino  alcohol,  and  further  cyclization  of  die 
latter  to  the  pyrrole  derivative.  After  addition  to  the  reaction  mixture  of  p-diazosulfonic  acids  we  were  able  to 
isolate  a  pyrrole  azo  dye. 

During  die  conversion  of  the  amino  alcohol  to  the  pyrrole  derivative,  it  was  possible  to  follow  the  course 
of  the  reaction  by  determination  of  active  hydrogen  at  regular  intervals  of  time.  After  heating  for  half  an  hour, 
the  amount  of  active  hydrogen  determined  by  the  Terent'ev  method,  was  0.89,  and  after  three  and  eight  hour 
heatings,  it  corresponded  to  0.82  and  0.65.  If  we  carried  out  the  reaction  at  room  temperature,  noticeable 
amounts  of  the  pyrrole  derivative  were  not  formed.  However,  in  the  distillation  of  the  amino  alcohol  even  at 
a  pressure  of  0.1-0.01  mm  the  distillation  temperature  was  sufficiently  high  to  produce  formation  of  traces  of 
pyrrole  derivative.  This  can  be  shown  by  depositing  die  distillate  on  pine  shavings  soaked  in  hydrochloric  acid 
which  produces  an  Intense  lilac-red  color. 

Cyclization  of  the  amino  alcohol  was  carried  out  in  a  sealed  glass  tube  at  100*,  and  also  by  heating  in 
quinoline  at  atmospheric  pressure  in  a  Wurtz  flask  at  140-160*.  The  resulting  pyrrole  derivative  was  Isolated 
either  by  direct  fractional  distillation  or  by  acidification  of  the  reaction  mixture  with  dilute  sulfuric  acid  and 
extraction  of  the  pyrrole  derivative  with  n-hexane. 

For  more  detailed  characterization  of  the  pyrrole  derivative,  we  synthesized  its  azo  derivative  with  p- 
anisldine-diazochlorlde  [4]  and  p-diazobenzenesulfonic  acid  [5].  When  the  first  of  these  dlazo  compounds 
acted  on  the  pynole  derivative,  it  formed  a  dark  red,  flaky  precipitate  of  azo  dye,  which  was  converted  into 
the  corresponding  picrate,  reddish,  dark  lilac  scaley  cry'stals. 
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In  the  reaction  of  die  pyrrole  derivative  with  p-diazobenzencsulfonic  acid  in  aqueous  hydrochloric  acid 
solution  there  is  formed  a  coral  red,  crystalline  precipitate.  When  alkali  is  added,  it  dissolves  and  forms  a  yellow 
solution,  from  which  acidification  again  precipitates  die  red  crystals.  Reprecipitation  from  the  alkaline  solution 
by  addition  to  it  of  hydrochloric  acid  was  used  to  purify  the  azo  dye.  We  dius  obtained  the  precipitate  as  red- 
orange  crystals  shot  widi  gold.  This  azo  dye  was  very  stable  to  standing  in  ait  and  light.  After  two-year  standing 
in  light,  often  in  direct  sunlight,  no  change  occurred  in  the  dye. 

Neidier  of  diese  azo  dyes  gave  a  characteristic  color  reaction  for  a- pyrrole  dyes  in  reaction  widi  diazolized 
p-nitroaniline  [7]. 

Considering  the  results  of  the  analyses  given  below  and  die  reactions  and  properties  of  the  azo  dyes,  there 
is  every  reason  to  assume  diat  in  the  cyclization  of  the  amino  alcoliol  4-N-diethylamino-l- phenyl- 3- methyl- 
l-butyn-3-ol  there  is  produced  N-ethyl- 2- phenyl-4- mediyl-5-ethylpyrrole,  and  of  die  two  ethyl  groups  joined 
to  the  nitrogen  of  the  amino  alcohol,  one  migrates  in  the  cyclization  not  to  the  3  position,  but  to  the  5  position. 
This  means  that  die  ediyl  group  is  not  joined  to  die  carbon  atom  which  has  a  free  valence  when  the  triple  bond 
is  ruptured,  as  occurs  with  the  acetylene  amino  alcohols  which  have  a  substituent  on  one  carbon  of  the  triple  bond 
[2].  Here  die  ediyl  group  dislodges  a  hydrogen  on  die  carbon  bound  to  die  nitrogen  and  only  this  hydrogen  atom 
is  joined  to  the  carbon  which  acquires  a  free  valence  as  a  result  of  rupture  of  the  triple  bond.  Thus,  in  this  case, 
cyclization  evidently  occurs  according  to  the  scheme. 


CHj 

r  —  -1  I 

•HO'-C - C 

j  1  I  /ii;  - 

,h.-c-h  c-c^Hj 

(  .N. 

HjCj  CjHs 


H,C-Cr— ,C-H 


V  j; 


HjCj-Cj  ^2C-CeH5 
CjH, 


It  is  possible  diat  such  an 
phenyl  group  on  die  triple  bond 


•anomalous"  course  of  the  cyclization  is  connected  with  the  presence  of  the 
in  die  original  amino  alcohol. 


EXPERIMENTAL 

Synthesis  of  4-N-diethylamino-l-phenyl-3-mediyl-l-butyn-3-ol.  A  mixture  of  5.0  g  of  oxide,  5.0  g  of 
diediylamine,  and  1  g  of  water  was  heated  for  half  an  hour  in  a  sealed  glass  tube  at  100*.  The  reaction  mixture 
separated  into  two  layers.  The  unreacted  diediylamine  was  removed  in  a  vacuum  at  60".  Then  the  mixture  was 
shaken  with  a  suspension  of  p-diazobenzenesulfonic  acid  in  100  ml  of  water.  The  orange-red  precipitate  of 
pyrrole  dye  was  filtered  off.  The  filtrate  was  made  alkaline  and  die  amino  alcohol  was  extracted  with  ether. 

The  edier  solution  was  dried  with  anliydrous  Na2S04,  the  cdier  was  removed  on  the  water  bath,  and  the  residue 
was  distilled  in  a  vacuum  of  about  0.01  mm.  We  obtained  5.8  g  {84%)  of  a  light  yellow,  oily  liquid. 

B.  p.  120-126*  (4  mm),  d^^  0.0685,  n^^D  1.5292,  MRq  73.02;  calc.  71.27. 

Found  <70:  N  6.19,  6.25.  0.93,  0.92.  C15H21ON.  Calculated  «7<’:  N  6.05;  Hact 

Picrate  of  die  amino  alcohol.  Light  yellow,  needle  shaped  crystals.  After  two  recrystallizations  from 
alcohol  and  drying  at  90*,  m.  p,  136,5*. 

Found  <70:  N  12.46,  12.34.  C21H28O8N4.  Calculated  <7o:  N  12.17. 

Synthesis  of  N- ethyl- 2- phenyl- 4- methyl- 5- ethylpyrrole.  A  mixture  of  5.2  g  of  amino  alcohol  and  1.2  g 
of  quinoline  was  heated  in  a  small  Wurtz  flask  for  a  half  hour  at  140-160*.  Then  the  quinoline  and  water  were 
distilled  off  in  a  vacuum  and  the  reaction  product  was  fractionated  in  a  vacuum.  We  obtained  3.2  g  (61*70)  of 
a  light  yellow,  viscous  liquid  widi  an  odor  resembling  diat  of  acetophenone. 

When  the  amino  alcohol  was  cyclized  by  heating  in  a  sealed  glass  tube  die  pyrrole  derivative  was  separated 
by  acidification  of  the  reaction  mixture  with  dilute  H^Q^  and  extraction  of  the  pyrrole  derivative  with  hexane 
after  strong  shaking  with  the  added  acid.  The  hexane  solution  was  dried  with  anhydrous  Na2SQ4,  the  hexane  was 
distilled  off,  and  the  residue  was  fractionated  in  a  vacuum. 
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B.p.  103-105*  (at  2  mm),  1.0140,  n^D  1.5779. 

Found  <7o:  N  6.82,  6.87.  CigllijN.  Calculated  N  6.57. 

After  two  distillations,  we  obtained  a  product  which  was  a  slightly  yellow,  oily  liquid  with  an  odor 
resembling  that  of  acetophenone.  When  this  substance  was  placed  on  pine  shavings  soaked  in  hydrochloric 
acid,  it  gave  an  intense  lilac- red  color.  In  the  reaction  widi  the  F.lulich  reagent  it  gave  a  very  weak  lilac 
color,  and  only  after  long  standing,  and  also  with  heating,  it  gave  a  more  intea^c  lilac- blue  color.  The 
intense  red  color  characteristic  for  pyrrole  derivatives  witli  free  a- positions  was  not  found.  The  pyrrole 
derivative  did  not  give  a  picrate.  Widi  HgCl2  (Gj  it  formed  a  flaky  light  yellow  precipitate. 

The  mercury  derivative,  the  light  yellow,  flaky  precipitate,  was  dried  in  a  vacuum  over  P20^  in  the  dark 
for  several  days.  M.  p.  59-60*  (decomposition). 

Found  N  1.94,  1.91;  Cl  17.31;  Hg  57.10.  CgollgcNzHg  (IlgCl  2)4.  Calculated  %;  N  1.64; 

Cl  16.58;  Hg  58.61. 

Syndiesis  of  die  picrate  of  N-ethyl-2-phcnyl-4-methyI-5-ethylpyrrolc-3-azo-4-medioxybenzene  was 
c arried  out  by  the  mcdiod  of  Reichsteih  14];  m,  p.  125^ 

Synthesis  of  N-ediyl- 2- phenyl-4- methyl-5-ethylpyrrole-3-azo-ben7xne-4-sulfonic  acid  was  carried  out 
by  die  mediod  described  in  [5j^  We  obtained  a  coral  red  azo  dye  which  under  the  action  of  alkali  became 
yellow  and  widi  acid  again  became  red.  It  was  easily  purified  by  re  precipitation  from  alkali  solution.  This 
process  was  repeated  twice.  The  needle-shaped  orange  crystals  shot  with  gold  were  dried  in  a  vacuum  over 
P2O5. 

Found  N  10.92,  10.84.  C21H23O3N3S,  Calculated  <^0;  N  10.56. 

We  express  our  dianks  to  F.  Ya.  Perveev  for  suggesting  die  theme  of  out  work  and  for  information  during 
the  Investigation. 


SUMMARY 

1.  We  have  syndiesized  for  die  first  time  4-N-diediylamino-l-phenyl-3-methyl-l-butyn-3-ol  and  shown 
that  in  die  cyclization  of  4-N-diethylaniino-l-phenyl-3-rnethyl-l-butyn-3-ol  die  ethyl  group  bound  to  the 
nitrogen  migrates  not  to  the  fl- position,  but  dislodges  hydrogen  in  the  a -position  and  this  in  turn  migrates  to 
the  6 -position  of  the  pyrrole  ting  which  is  formed. 
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The  aim  of  tlie  present  work  was  the  synthesis  by  tlie  following  route  [1,  2]  of  2- methyl-1, 2-epoxy- 3- 
octyne  and  2,7-dimethyl-l, 2-epoxy- 2-octyne.  These  compounds  and  the  starting  halohydrins  have  not  been 
described  in  the  literature. 


OH  X 

(’.Il3_C,-Cll2  — H_C=C-G— C-H 


KOH 

Et,0 


O  X 


CHall 


I  I 

CHa  H 


The  starting  acetylenic  hydrocarbons  —  1-hexyne  and  5- methyl- 1-hexyne  —  were  prepared  from  sodium 
acetylide  and  tlie  corresponding  alkyl  bromide  in  liquid  ammonia  [3],  For  tlie  synthesis  of  l-bromo-2-methyl- 
3-octyn-2-ol  we  started  from  bromoacetone  and  1-hexyne.  1-Chloro- 2,7- dimethyl- 3- octyn- 2- ol  was  syn- 
tliesized  from  chloroacetone  and  5-methyl-l-hexyne.  The  lower  yield  of  bromohydrin  is  due  to  tlie  bigger  part 
played  by  secondary  reactions.  Syntliesis  of  2-methyl-l,2-epoxy-3-octyne  and  2,7-dimethyl-l, 2-epoxy-3- 
octyne  from  the  corresponding  halohydrins  in  presence  of  KCXl  powder  in  absolute  ether  proceeds  smoothly. 


EXPERIMENTAL 

Preparation  of  l-bromo-2-methyl-3-octyn-2-ol.  To  a  solution  of  hexynemagnesium  bromide,  prepared 
from  24  g  of  Mg,  110  g  of  etliyi  bromide  and  1-hexyne,  was  added  bromoacetone  dropwise  with  stirring  in  the 
course  of  an  hour  while  tlie  flask  was  cooled  witli  water.  Stirring  was  continued  at  room  temperature  for  another 
few  hours  and  tlie  mass  was  stood  for  tliree  days.  The  resulting  complex  was  decomposed  witli  30%  sulfuric  acid, 
and  tlien  the  mixture  was  extracted  with  three  portions  of  ether  (150  ml  eadi).  The  combined  ethereal  extracts 
were  dried  witli  sodium  sulfate,  tlie  ether  was  driven  off,  and  tlie  residue  distilled  in  vacuo.  A  colorless,  oily 
liquid  came  over  and  acquired  a  lilac-red  color  after  standing  for  a  short  time.  It  had  a  clinging  sweet  odor. 

On  standing,  it  darkened  and  turned  green.  Yield  100  g  (46 ^o).  The  product  was  distilled  twice. 

B.  p.  109-110*  (10  mm),  d“4  1.2497,  n“D  1.4911,  MRq  50.76;  calc.  50.99. 

Found:  number  of  active  H  atoms;  0,92,  0,92.  C^HigOBr.  Calculated:  number  of  H  atoms  1,0, 

Preparation  of  l-chloro-2,7-dlmethyl-3-octyn-2-ol.  Components  taken  for  the  synthesis  were  48  g  of 
5-methyl-l-hexyiie,  55  g  of  ethyl  bromide,  12  g  of  Mg  and  46  g  of  chloroacetone.  Tlte  chloroacetone  was 
added  in  tlie  course  of  an  hour.  Stirring  was  continued  at  room  temperature.  A  heavy,  dark-green  oil  settled 
to  the  bottom  of  the  flask  and  was  allowed  to  stand  for  4  days.  It  was  then  worked  up  as  in  the  preceding  experi¬ 
ment.  The  product  was  a  colorless  liquid  with  a  clinging  sweet  odor.  It  became  greenish-yellow  on  standing. 
The  product  was  distilled  twice. 
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B.  p.  105-107*  (10  mm),  0.9856,  n^D  1.4672,  MRq  53.04;  calc.  52.83. 

Found:  number  of  active  H  atoms;  1.08,  0.90.  Calculated:  number  of  active  H  atoms ; 

1.0. 

Preparation  of  2-methyl-l,2-epoxy-3-octyne.  A  solution  of  100  g  of  l-bromo-2-methyl-3-octyn-5-ol 
in  300  ml  of  absolute  ether  was  made  up  in  a  750  ml  flask,  and  170  g  of  potassium  hydroxide  powder  was  added 
in  small  portions.  After  each  addition  of  alkali,  the  flask  was  cooled  with  water  and  shaken.  The  reaction  was 
assumed  complete  when  the  ethereal  solution  gave  a  negative  Beilstein  test  for  halogen.  The  precipitate  was 
filtered  and  washed  a  number  of  times  on  the  filter  with  ether.  The  ethereal  solution  was  dried  with  calcined 
potassium  carbonate,  the  ether  was  driven  off  and  tlie  residue  fractionated  in  vacuo.  Two  distillations  gave  a 
colorless  liquid  with  a  characteristic  sweet  odor.  Yield  of  oxide  54  g  (86%). 

B.p.  67-68*  (10  mm),  d%  0.8907,  n^^D  1.4492,  MRj)  41.60;  calc.  41.84. 

Found  %;  G  78.10;  H  10.34.  C9H14O.  Calculated  %:  C  78.26;  H  10.14. 

Preparation  of  2,7-dimethyl- 1,2-epoxy- 3-octyne  was  earned  out  by  the  preceding  procedure  starting 
from  64  g  of  tlie  corresponding  chloro  alcohol,  300  ml  of  absolute  ether  and  100  g  of  potassium  hydroxide.  Two 
distillations  in  vacuo  gave  a  liquid  witli  a  characteristic  sweet  odor.  Yield  45  g  (70.5%), 

B.p.  75-76*  (9  mm),  d^^  0.8732,  n*°D  1.4481,  MR^  46.63;  calc.  46.46. 

Found  %;  C  78.70;  H  10.67.  CjoHieO.  Calculated  %:  C  78.90;  H  10.55. 

I  express  my  deep  gratitude  to  F.  Ya.  Perveev  for  suggesting  the  subject  of  this  investigation  and  for  his 
guidance  during  the  work. 


SUMMARY 

The  following  compounds  were  synthesized  for  the  first  time;  1-bromo- 2-metliyl-3-octyn-2-ol,  1-chloro 
2,7- dimethyl- 3- octyn- 2- ol,  2- metliyl- 1,2-epoxy- 3- octyre,  2-methyl-l,2-epoxy-3-octyne,  and  2,7-dimethyl 
1,2- epoxy- 3-  octyne. 
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HETEROCYCLIC  COMPOUNDS 

SYNTHESIS  OF  p-METHOXTPHENOXY ACETIC  ESTERS  OF  THE  a-FORM  OF 
1-ALLYL-  AND  1-CROTYL- 2,5-DIMETHYL-4-PIPERlDOLS 

A.  Sh.  Sharifkanov,  S.  A.  Yusupov,  E.  I.  Ch*ang-yu, 
and  B.  S .  Baipelsova 
Kazak  State  University 

Translated  from  Zhurnal  Obshchel  Khimil,  Vol.  30,  No.  4,  pp.  1195-1197,  April,  1960 
Original  article  submitted  April  3,  1959 


In  the  preceding  communication  [Ij  were  described  several  esters  of  the  a- form  of  secondary  1- alkenyl- 
2,5- dimctliy  1-4- piperidols,  among  which  were  detected  a  scries  of  compounds  possessing  powerful  anesthetizing 
action.  In  the  present  work,  we  synthesized  the  p-methoxyphenoxyacetlc  esters  of  the  a- form  of  1-allyl-  and 
l-crotyl- 2, 5-dimcthyl-4- piperidols  (111,  IV)  with  the  object  of  Investigating  the  influence  of  an  acyl  residue 
on  the  pharmacological  properties  of  these  esters. 

The  starting  1- alkenyl- 2,5- dimethyl- 4- piperidols  (I,  II)  which  have  been  described  previously  [1],  were 
prepared  in  high  yields  (over  80%)  by  alkenylation  witli  tlte  conespondlng  allylic  halogen  derivatives  of  the 
a- form  of  2,5- dimethyl- 4- plperldol  [2,  3J  in  solution  in  anhydrous  solvents  (acetone,  1-butanol)  in  presence 
of  alkaline  agents  (sodium  carbonate,  potassium  carbonate). 


ll^^OII  H^OII 


RCi  or 

KBr 

<: 

! 

1 

Na,CO,  or 

K,CO,^ 

1 

1 

H 

1 

R 

(1) 

(11) 

K  =  ch,=(:h-ch,. 

Jt  =  C11,C]I=CH-CH,. 

Esterification  of  1-alkenyl- 2,5-dimethyl-4- piperidols  (1,  II)  with  |>- methoxyphenoxyacetyl  chloride  gave 
the  corresponding  esters  (III,  IV ). 


I 

H 


CH,OC,H,OCn,COCl 


I 

K 


(III)  U  =  C11,=CH-CH,. 

(IV)  K  =  C11,CH=CH-CH,. 
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3.4  g  of  the  a- form  of  i-allyl- 2,5-dimethyl-4-piperidol  (m.  p.  29-30*)  in  5  ml  of  anhydrous  benzene  and 
6  g  of  p- mcthoxyphcnoxyacctyl  chloride  was  heated  for  10  hours  at  110-115*.  After  20  ml  of  benzene  had 
been  added,  die  mass  was  stood  overnight.  The  precipitate  was  filtered  off,  washed  with  benzene,  and  twice 
tecrystallizcd  from  acetone  (once  after  boiling  in  presence  of  active  carbon).  There  was  obtained  2,6  g  of 
die  hydrochloride  of  the  p-methoxyphenoxyacetic  ester  of  the  a-form  of  1-allyl- 2,5-dimediyl-4-piperidol  with 
m.  p.  159-160*. 

Found  *70:  N  3.57,  3.81;  Cl  9.28,  9.27.  CijlIjaO^NCl.  Calculated '7o:  N  3.79:  Cl  9.58. 

p-Methoxyphenoxyacetic  ester  of  the  a-form  of  1-crotyl- 2,5- dimethyl- 4- piperidol  (IV).  To  a  solution 
of  2.75  g  of  the  a-form  of  l-crotyl- 2,5- dimethyl- 4- piperidol  (m,  p.  91-92*)  in  5  ml  of  anhydrous  benzene 
was  added  6  g  of  p- me dioxyphenoxyacetyl  chloride  (b.  p.  132-134*  at  2  mm).  The  reaction  mixture  was 
heated  for  10  hours  at  110-115“  and  then  stood  overnight.  The  precipitate  was  filtered  off  and  twice  re¬ 
crystallized  from  acetone  to  give  1.6  g  of  die  hydrochloride  of  the  p-methoxyphenoxy  ester  of  the  a-form  of 
l-crotyl- 2,5- dimethyl- 4- piperidol  with  m.  p.  162-163*  (from  acetone). 

Found  N  3.65,  3.3o;  Cl  9.33,  9.51.  C20H30Q4NCI.  Calculated  <7o;  N  3.65;  Cl  9.23. 

SUMMARY 

1.  Alkenylation  of  2, 5-dimethyl-4- piperidol  in  aniiydrous  solvents  (acetone,  1-butanol)  in  presence 
of  alkaline  agents  (sodium  or  potassium  carbonate)  with  unsaturated  halogen  derivatives  gave  high  yields  of 
1- alkenyl- 2,5- dimethyl- 4- piperidols  —  1-allyl-  and  l-crotyl- 2,5-dimethyl-4-piperidols  -  previously 
described  by  us, 

2.  The  p-methoxyphenoxyacetic  esters  of  the  a-form  of  1-allyl-  and  l-crotyl- 2,5- dimethyl- 4- piperidols 
were  synthesized. 
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Substituted  aminobutynols  with  the  general  formula 

OH 

«\l 

N:-C=C-CH2N(Alk)2 

r/ 

are  of  definite  interest  as  substances  that  can  be  expected  to  possess  considerable  physiological  activity.  These 
compounds  also  permit  transition  to  a  series  of  substances  (products  of  their  hydrogenation,  hydration,  etc.)  not 
easily  syntliesized  by  otlier  routes.  Some  of  these  derivatives  might  also  possess  high  physiological  activity 
(cholinolytic  in  particular).  The  synthesis  of  some  substituted  aminobutynols  has  been  repotted  in  [1,  2], 

The  most  attractive  route  for  their  synthesis  might  appear  to  be  the  aminomethylation  of  tertiary  ethynyl 
carbinols  by  the  Mannich  reaction. 


Oil 


l{ 

R. 


-I-CII2O  4-  HN(AIk)2 


OH 

\ 


/ 


C=C-CH2N(Alk)., 


Compounds  with  a  primary  acetylenic  group  usually  enter  into  this  reaction  with  facility,  but  diarylethynyl- 
carbinols  give  products  of  amir.omethylation  at  the  acetylenic  group  only  in  negligible  yield  [1]. 

It  has  also  been  shown  that  alkyl- substituted  acetylenic  alcohols  (and  glycols),  under  the  conditions  of  the 
Mannich  reaction,  form  products  of  aminomethylation  at  the  hydroxy  group  —  the  corresponding  dialkylamino- 
methyl  ethers  [3j,  Amino  alcohols  were  not  found  among  the  reaction  products. 

The  cause  of  tliis  passivity  of  the  acetylenic  group  in  tertiary'  ethynylcarbinols  is  considered  to  be  the  free 
hydroxyl  [Ij.  It  is  true  that  when  alcohols  are  convened  to  fl-cyanoethyl  ethers  [4j,  3 -cyanoethoxyethyl  ethers 
[5j  or  acetic  esters  [IJ,  the  resulting  derivatives  are  capable  of  undergoing  the  Mannich  reaction.  However,  the 
only  representatives  of  tlie  foregoing  types  of  derivatives  that  can  be  utilized  for  die  preparation  of  substituted 
aminobutynols  are  the  acetates  of  the  carbinols,  since  there  is  no  convenient  method  of  elimination  of  the  3- 
cyanoethyl  and  3-cyanocthoxyediyl  groups.  But  even  such  a  route  is  not  very  suitable;  die  yield  of  substituted 
amino  alcohol  is  not  very  high  and  the  acetyl  derivatives  themselves  (particularly  in  the  case  of  aryl- substituted 
carbinols)  are  obtained  with  difticulty. 

Shvekhgeimer[6]  has  proposed  a  convenient  mediod  of  preparation  of  substituted  aminobutynols.  Treatment 
of  ethynylcarbinols  widi  vinyl  ediyl  ether  leads  to  mixed  acetals  which  also  enter  into  the  Mannich  reaction;  the 
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acetal  group  is  then  split  off  without  difficulty  by  dilute  mineral  acid.  Yields  at  all  steps  are  high.  A  defect  of 
the  metliod  is  the  extremely  long  period  of  aminomethylation  (boiling  of  the  dioxane  solution  of  the  reactants 
for  80-115  hours). 

With  the  aim  of  Improving  the  synthesis  of  substituted  dialkylaminobutynols  we  made  a  detailed  investiga¬ 
tion  of  tlic  possibility  of  aminomethylation  of  the  tertiary  etliynylcarbinols  themselves.  It  was  found  that  in 
presence  of  small  amounts  of  copper  compounds  (which  arc  frequently  used  as  catalysts  in  tlie  Mannich  reaction 
L7J)  they  smoothly  undergo  aminomethylation.  Reaction  is  rapid  under  mild  conditions  and  products  are  obtained 
directly  in  sufficient  purity  and  good  yields.  Application  of  the  method  to  alkyl- substituted  ethynylcarbinols 
does  not  lead  to  aminometliylation  at  tlie  hydroxy  group  but  only  to  derivatives  of  aminobutynols  (the  reaction 
products  do  not  contain  a  primary  acetylenic  group),  in  all  cases,  the  catalytic  action  is  evidently  exerted  by 
monovalent  copper  (possibly  in  tlie  form  of  intermediate  acetylides).  If  salts  of  divalent  copper  can  be  easily 
reduced  by  formaldehyde  under  die  reaction  conditions  (alkaline  medium),  then  their  action  does  not  differ  in 
practice  from  that  of  monovalent  copper.  In  neutral  or  weakly  acid  media  (amine  salt)  divalent  copper  is  not 
easily  reduced  and  its  use  then  leads  to  lower  yields.  The  amount  of  catalyst  does  not  affect  the  yield  if  it  Is 
not  below  a  certain  level;  smaller  amounts  cannot  be  compensated  for  by  mote  prolonged  heating. 

We  made  use  of  two  procedures  for  aminomethylation.  In  one  procedure  (the  more  general  one)  the 
acetylenic  alcohol  was  treated  with  an  aqueous  solution  of  formaldehyde  (formalin)  and  with  a  salt  of  die 
corresponding  amine  (hydrobromides  often  gave  higher  yields  than  hydrochlorides)  in  presence  of  copper 
acetylide,  which  under  these  conditions  gave  the  best  results.  If  the  starting  carblnol  was  poorly  soluble  In 
water,  then  a  suitable  organic  solvent  (usually  ethanol)  was  added  in  the  necessary  quantity  in  order  to  obtain 
a  homogeneous  mass.  The  second  procedure  consisted  in  tlie  use  of  a  mixture  of  the  free  amine  and  polyoxy- 
methylene.  This  gives  a  faster  reaction  but  is  often  accompanied  by  resinification;  tlie  procedure  is  therefore 
limited  in  application.  A  solvent  is  essential  in  this  variant  because  otherwise  the  yield  is  lowered  and  the 
product  is  contaminated  by  resins.  Dioxane  as  a  solvent  gives  better  results  than  alcohol.  In  this  procedure 
CU2C2  and  CuCl  are  nearly  equivalent  as  catalysts;  sometimes  cuprous  chloride  leads  to  a  slightly  higher  yield. 

Seven  amino  alcohols  were  obtained  by  this  method:  2-methyl-5-dietliylamino-3-pentyn-2-ol  (1),  3- 
methyl-6-dietliylamino-4-hexyn-3-ol  (ll),  1, 1- diphenyl- 4- dietliylamino- 2- butyn-l-ol  (HI),  1,1-diphenyl- 
4-piperidino-2-butyn-l-ol  (IV),  l,l-diphenyl-4-dimcthylamlno-2-butyn-l-ol  (V),  l-diethylamino-3-(9*- 
hydroxy-9’-fluorenyl)- 2-propyne  (VI),  and  l-phcnyl-l-cyclohexyl-4-diethylamino-2-butyn-l-ol  (Vll).  Two 
of  tliese  (Ill,  IV)  were  synthesized  by  another  route  in  order  to  obtain  confirmation  of  the  structure  of  tlie  amino 
alcohols. 

According  to  [8]  the  treatment  of  diethylamino-2-bromopropene  with  two  moles  of  sodium  amide  in  liquid 
ammonia  gives  tlie  sodium  derivative  of  dietliylpropargylamine  (C2H6^2^CH2C  s=CNa.  The  free  acetylenic 
amine  was  isolated  by  treatment  of  tlie  sodium  compound  with  water,  but  it  can  also  be  immediately  alkylated 
for  the  purpose  of  obtaining  dlsubstituted  acetylenes. 

We  utilized  the  resulting  sodium  derivative  of  diediylaminopropyne  for  synthesis  of  aminobutynols  by 
treating  its  solution  in  liquid  ammonia  with  an  ethereal  solution  of  benzophenone.  Amino  alcohols  were  thereby 
formed  in  good  yield.  They  were  found  to  be  identical  witli  the  products  obtained  by  aminomethylation.  In 
some  cases,  iliis  route  may  be  more  convenient  for  the  preparation  of  substituted  aminobutynols  than  the  Mannich 
reaction. 

EXPERIMENTAL 

The  starting  acetylenic  carbinols  were  synthesized  by  the  literature  metltods  —  sometimes  slightly  modified. 
Their  properties  agreed  with  those  reported  previously.  The  authors  obtained  3- methyl-4- pentyn-3-ol  from  Kh. 

V.  Bal'yan  to  whom  we  convey  our  thanks. 

2-MethyI-5-diet]iylamino-3-pentyn-2-ol  (1).  Reaction  components  were  3  g  of  2-methyl-3-butyn-2-ol 
[8],  4  g  of  diethylamine  hydrochloride,  10  ml  of  formalin  and  0.08  g  of  copper  acetylide  (carefully  pulverized 
beforehand)  [9].  These  were  heated  on  a  water  bath  at  80-90*  for  2  hours.  After  tlie  mass  had  cooled,  it  was 
made  alkaline  witli  aqueous  potassium  carbonate  and  extracted  several  times  with  ether.  The  extract  was  dried 
with  potassium  carbonate  and  iiactionated  to  give  4.9  g  (81.2  <7o)  of  the  amino  alcohol. 


B.  p.  92*  (4  mm),  104*  (10  mm),  n^®D  1.4614.  Literature  L6]:  b.  p.  72-73"  (2  mm),  n^°D  1.4634. 

3-Metliyl-6-diethylamino-4-hexyn-3-ol  (II).  The  preceding  procedure  was  applied  to  a  mixture  of  8  g 
of  3-metliyl-4-pentyn-3-ol,  9.5  g  of  dieiliylaminc  hydrochloride,  20  ml  of  formalin  and  0.12  g  of  copper 
acetyllde.  There  was  obtained  12.03  g  (80.6 ‘^t')  of  amino  alcohol  with  b.  p.  105.5-106 "  (8  mm),  n^D  1.4650. 

Uterature  data[6]:  b.  p.  79-80"  (2  mm),  n^^D  1.4661. 

1.1-  Diphenyl-4-diciliylamlno-  2-butyn-l-ol  (111),  a)  Mannich  reaction.  A  mixture  of  1  g  of  diphenyl- 
eiliynylcarbinoTiloj,  0.2  g  of  polyoxymerhylene,  0.4  g  of  diethylamine  and  0.01  g  of  cuprous  chloride  in  5  ml 
of  dioxane  was  heated  on  a  water  bath  for  1.5  hours.  The  cooled  solution  was  poured  into  dilute  hydrochloric 
acid  and  thoroughly  shaken;  the  nonbasic  compounds  were  tlicn  extracted  with  ether.  The  aqueous  layer  was 
made  alkaline  witli  ammonia  solution  and  extracted  with  ether.  After  drying  witli  potassium  carbonate,  the 
etlier  was  driven  off  to  leave  a  residue  of  1.21  g  (86 '7?)  of  nearly  colorless  crystals  witli  m.  p.  94.5-96".  Re- 
crystallization  from  hexane  gave  1.17  g  of  substance  witli  m.  p.  96.5-97.5".  Further  recrystallizations  did  not 
raise  tlie  melting  point. 

b)  From  diethylamino-2-bromo-2-propcnc  and  benzophenone.  To  a  suspension  of  sodium  amide  in  100  ml 
of  liquid  ammonia  (prepared  from  2.2  g  of  sodium)  was  added  8  g  of  diethylamino-2-bronio-2-propene  [8]  in 
5-10  minutes.  The  solution  was  tlien  stirred  for  3  hours.  Loss  of  ammonia  by  evaporation  was  made  good  by 
addition  of  fresh  portions.  Dropwise  addition  was  tlien  made  of  7.6  g  of  benzophenone  in  50  ml  of  absolute  ether. 
The  mass  was  stirred  until  all  the  ammonia  had  gone  off,  and  tlie  residue  was  heated  for  1.5  hours  to  complete 
the  reaction.  After  cooling,  tlie  mixture  was  hydrolyzed  by  careful  addition  of  water.  The  ether  layer  was  twice 
extracted  with  dilute  hydrochloric  acid,  tlie  aqueous  layer  made  alkaline,  and  die  amino  alcohol  extracted  with 
chloroform.  The  extract  was  dried  and  die  solvent  distilled  off  to  leave  7.82  g  (65'7o  calculated  on  the  diethyl- 
amlnobromopropcne)  of  brown  crystals  with  m.  p.  75-85".  Subsequent  crystallizations  from  hexane  (or  a  little 
alcohol)  gave  a  pure  product  that  did  not  give  a  melting  point  depression  in  admixture  with  the  aminoalcohol 
prepared  by  the  Mannich  reaction. 

Found  *70;  N  4.90,  4.86.  C20II23ON.  Calculated  N  4.77. 

The  hydrochloride  was  prepared  by  the  usual  method;  m.  p.  174.5-175"  (from  dioxane). 

Found  Cl  10.65,  10.68.  C20H24ONCI.  Calculated  Cl  10.75. 

1.1-  Diphenyl- 4-(N-piperidino)- 2-butyn-l-ol  (IVX  a)  By  Mannich  reaction.  A  mixture  of  1  g  of  diphenyl- 

ediynylcarbinol,  0.8  g  of  piperidine  hydrobromide,  1.5  ml  of  formalin,  0.01  g  of  acetylidc  and  5  nd  of  edianol 
was  heated  for  4  hours  on  a  water  bath  at  80-90".  At  the  end  of  the  reaction,  die  mixture  was  run  into  water  and 
acidified  with  a  little  hydrochloric  acid.  Funher  treatment  was  as  in  the  preparation  of  alcohol  (111).  The  amino 
alcohol  was  extracted  widi  chloroform.  Yield  1.28  g  of  crystals  with  m.  p.  134.5-135.5".  Rccrystalliza- 

tion  from  dibutyl  ether  gave  1.15  g  of  pure  substances  with  m.  p.  135.5-136.5".  The  melting  point  did  not  change 
after  further  rcciy'Stallizations. 

b)  From  N-piperidino-2-bromo-2-propene.  The  procedure  was  die  same  as  for  the  reaction  of  diethyl- 
aminobromopropene  with  betizophenone.  From  2.1  g  of  sodium,  8.1  g  of  piperidinobromopropene  (synthesized 
on  the  same  lines  as  diethylaminobromopropene  in  79.5*70  yield,  b.  p.  87"  at  10  mm)  and  7.25  g  of  benzo¬ 
phenone  was  obtained  9.26  g  (76.5%  on  the  original  amine)  of  substance  with  m.  p.  131-133".  No  depression 
of  melting  point  in  admixture  with  the  amino  alcohol  prepared  by  the  Mannich  reaction. 

Found  *70:  N  4.75,  4.77.  C21H23ON.  Calculated  <7o;  N  4.59. 

The  hydrochloride  had  m.  p.  (after  several  recrystallizations  from  isopropyl  alcohol)  199-200"  (decomp.). 

Found  %:  Cl  10.45,  10.43.  C21H24ONCI.  Calculated  *70:  Cl  10.37. 

1.1-  Diphenyl-4-dimedtylamino- 2-butyn-l-ol  (V).  Prepared  similarly  to  alcohol  (IV)  from  1  g  of  di- 
phenylethynylcarbinol,  0.42  g  of  diniediylamine  hydrochloride,  1.5  ml  of  formalin,  0.05  g  of  pulverized  copper 
acetylide,  and  5  ml  of  alcohol;  reaction  period  1 .5  hours.  Yield  1.04  g  (81.8*7t))  of  yellowish  substance  with 

m.  p.  137-139".  Recrystallization  from  dibutyl  etlier  gave  0.97  g  of  colorless  needles  witli  m.p,  140.5-141.5.  The 
melting  point  rose  to  141-142"  after  furtlier  recrystallizations  from  the  same  solvent  or  gasoline  [2]. 
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Found  N  5.30,  5.35.  CjeHijON.  Calculated  N  5.30. 

The  hydrochloride  had  m.  p.  200.5-201*  (decomp.)  after  several  recrystalllzatlons  from  n-butyl  alcohol. 

Found  <^0:  Cl  11.94,  11.81.  Ci8H?oONCl.  Calculated Cl  11.75. 

1- Dicthylaniino-3-(0’-hydroxy-9’-fluorcnyl)-2-propyne  (VI).  A  mixture  of  1  g  of  9-hydroxy- 9- ethynyl- 
fluorene  fllj,  0.2  g  of  polyoxymethylene,  0.4  g  of  diethylamine,  0.01  g  of  copper  acetylide  and  5  ml  of 
dioxane  was  heated  on  a  water  batli  for  an  liour.  To  the  hot  solution  was  then  added  a  further  3-4  ml  of  dloxane 
and  tlie  solution  was  filtered  hot.  The  cooled  solution  deposited  1.12  g  of  colorless  crystals  with  m,  p.  204-205* 
(79.5*70).  Funher  recrystallizations  from  dioxatK?  gave  the  perfectly  pure  substance  with  m.  p.  208.5-209*  (slight 
decomp.). 

Found  *7o;  N  4.78,  4.90.  C20H21ON.  Calculated  *70:  N  4.81, 

The  hydrochloride  was  crystallized  several  times  from  isopropyl  alcohol.  M,  p,  213- 214*. 

Found  <7o:  Cl  10.63,  10.73.  C20H22ONCI.  Calculated  %:  Cl  10.82. 

r-Phenyl-l-cyclohexyl-4-diethylamino- 2-butyn-l-ol  (VII).  From  1  g  of  phenylcyclohexylethynyl- 
carbinol  [12],  0.2  g  of  polyoxymeiliylene,  0,4  g  of  diethylamine,  0,01  g  of  copper  acetylide  and  5  ml  of 
dioxane  was  obtained  [under  the  same  conditions  as  for  syntliesis  of  (III)]  1.34  g  (95.8*70)  of  product  with 
m.  p.  80-84*.  Crystallization  from  hexane  gave  1.20  g  of  substance  with  m.  p.  86.5-87*. 

Found  *7o:  N  4.80,  4.81.  C20H29ON.  Calculated  *7o:  N  4.68. 

Hydrochloride:  m.  p.  168*  (from  acetone). 

Found  *7o:  Cl  10.59,  10.63.  C^oHsqONCI.  Calculated  *7o:  Cl  10.56. 

SUMMARY 

1.  It  was  shown  that  tertiary  acetylenic  carbinols  are  capable  of  entering  into  the  Mannich  reaction  in 
presence  of  catalysts  (copper  compounds)  and  of  giving  high  yields  of  substituted  aminobutynols. 

2.  Seven  substituted  aminobutynols  were  obtained  by  this  route,  including  four  not  described  in  the 
literature:  1, 1- diphenyl- 4- diethylamino- 2-butyn-l-ol,  1,1- diphenyl- 4- piperidino- 2-butyn-l-ol,  1-dietIiyl- 
amino-3-(9’-hydroxy-9’-fluotenyl)-2-ptopyne,  1-phenyl-l-cyclohexyl- 4- diethylamino- 2-butyn-l-ol. 

3.  The  same  substituted  amino  alcohols  could  also  be  prepared  in  satisfactory  yields  from  dialkylamino- 
2-bromo-2-propencs  by  the  action  of  sodium  amide  and  tlie  corresponding  ketones. 

4.  Hydrochlorides  of  some  of  tlie  syntliesized  aminobutynols  were  prepared. 
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INTERACTION  OF  ACETYLENIC  CARBINOLS  WITH  ACETIC  ACID 
IN  PRESENCE  OF  MERCURIC  ACETATE  AND  THE  MECHANISM 
OF  FORMATION  OF  ACETOXY  KETONES 
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I.  N.  Nazarov  [1]  and  G.  Hennion  [2]  showed  almost  simultaneously  that  tertiary  acetylenic  alcohols  are 
converted  into  acetates  of  acetylcarbinols  in  glacial  acedc  acid  solution  in  presence  of  boron  trifluoride  and 
mercuric  oxide. 

In  the  present  work,  we  developed  a  more  convenient  mediod  of  preparation  of  acetoxy  ketones  by  boiling 
icciic  acid  solutions  of  acetylenic  alcohols  in  presence  of  mercuric  acetate  and  subsequently  fractionating  the 
reaction  mixture.  In  this  manner  die  corresponding  acetates  of  tertiary  acetylcarbinols  were  prepared  from 
dimethyl-,  meihylediyl-,  methylisopropyl- ,  diisopropyl-,  and  methylphenylethynylcarbinols,  as  well  as  from 
1-eihynylcyclohexan-l-ol.  Heating  of  a  disubstituted  acetylenic  alcohol  —  2-butyn-l-ol  —  widi  glacial 
acetic  acid  in  presence  of  mercuric  acetate  gave  methyl- 6 -acetoxyethyl  ketone. 

It  is  interesting  to  note  that  3-phenyl-2-propyn-l-ol  and  4,4- dimethyl- 2- pentyn-l-ol  also  give  fl-keto 
derivatives  under  hydration  conditions  in  presence  of  mercuric  acetate  and  60*70  acetic  acid,  as  shown  by  E.  D, 
Venus- Danilova  and  S.  N.  Danilov  [3j. 

We  know  that  bodi  monosubstituted  and  disubstituted  acetylenes  in  a  neutral  or  weakly  acid  medium  react 
widi  mercuric  acetate  to  form  polymercurated  compounds  which  on  heating  witli  acitic  acid  or  with  dilute 
mineral  acids  are  converted  to  ketones  [4j.  Formation  of  acetoxy  ketones  from  acetylenic  alcohols  in  presence 
of  mercuric  acetate  evidently  proceeds  via  analogous  organomercury  compounds  as  we  proved  in  the  case  of  die 
acetate  of  2-butyn-l-ol. 

Reaction  of  2-butyn-l-ol  acetate  with  mercuric  acetate  gave  an  addition  product  (a  chloromercuro  com¬ 
pound)  (1), 


(’,lIo-C=( 


,/ 


CH2OCOCII3 


HlgCl 
OCOCII3 
(I) 


Due  to  one-sided  polarization  of  the  triple  bond,  the  original  product  of  addition  of  mercuric  acetate  to 
2-butyn-l-ol  corresponds  to  structure  (11).  Acetic  anliydride  appears  to  be  formed  when  tltis  adduct  is  converted 
in  an  anhydrous  medium  into  tlie  dimercuro  compound  (Ill). 


OCOCH, 


r.Hj-C  sC-CHjOH  +  Hg  . 


OCOCH 


CH,-c  =c: 

^  I 
OCOCH, 


XH,0H 


KglOCOCH,!, 


HgOCOCHj 

(II) 


XHjOH 

CH3-C  =  C^  1-  (GHjCOjO. 

I  ^IgOCOCHj  ^  * 
OHgOCOCH, 

(111) 
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*  COCH. 

Acetoxy  Ketones  / 1 

OCOCH, 


— 

Formula 

Yield,  % 

Boiling  point 
(pressure  in  mm) 

d.”  . 

OCOCH, 

CH..  1 

>C-COCH, 

CH,/ 

87 

00-  620(10) 

1.4155 

OCOCH, 

CH,.  1 

>C-COCH, 

C,H,/ 

75 

72—  73(9.5) 

1.4240 

0.9988 

OCOCH, 

CH,v  1 

^C-COCH, 

ISO 

Tl 

84  -  85(10) 

1.4292 

0.9903 

OCOCH, 

ISO  -C,H:v  1 

>C-COCH, 

ISO  -CjH,-^ 

78 

94-  96(10) 

1.4'i00 

0.9767 

_  OCOCH, 

\  )>^COCH, 

97 

84—  86(2.5) 

1 .1.596 

* 

OCOCH, 

/"^^-d-COCH, 

_ y  1 

CH, 

50 

102-105(2) 

1.505.5 

1.0930 

a-Ketoalcohols 


OH 

CH„  1 

>C-COCH, 

CH,'^ 

92 

140-1 

41 (680) 

1.4140 

— 

OH 

CH,v  1 

>C-COCH, 

C.H,'' 

88 

40- 

42(10) 

1.1200 

— 

OH 

CH,.  1 

>C— COCH, 

iso  -C,H-^ 

85 

48- 

50  (9.5) 

1.4250 

0.93.56 

OH 

lSO-C,H,v  1 

>C-COCH, 
iso  -C,H,^ 

80 

68- 

70(9) 

1.4388 

— 

_  OH 

);-COCII, 

90 

86- 

88(9) 

1.4693 

_ 

oil 

(^“"V-C-COCH, 

CH, 

75 

89- 

91  (2.5) 

1.5230 

— 
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1  Analysis  (in  %)  | 

2 ,4  -  Di  n  i  trophenyihy  dra  zones 

found 

1  calc. 

•/.  N 

r 

11 

i 

melting 

point 

found 

j  calc. 

found 


calc. 


40.:i7 


44.7!) 


40.80 


4.'i.42 


r).'-).(i7 


r,0..S8.  fiO.52 


62.28,  62.84 


6.5.48, 6.5.74 


70.46,  70.8.5 


8.7!»,  0.0't 


9.28, 9.28 


9.79,  10.00 


6.77,  6.98 


60.76 


62.79 


66.00 


8.86 


9.80 


10.00 


69.90 


1 44  _  14.5° 


131-182 


117-119 


6.79  162-163 


17.43, 16.59 


16.94, 17.08 


1.5.97,  16.03 


14.82, 14.41 


17.29 


16..56 


1.5.90 


1 4..50 


Cl 


p.2I 


^C-COCHi, 

/  I 


OH 


— 

— 

— 

— 

— 

— 

142—144 

19.54. 19.59 

19.86 

35.53 

36.06 

63.75,  63.92 

10.49,10.69 

64.61 

10.76 

114-115 

18.67, 18.47 

18.06 

— 

— 

— 

143-145 

17.27, 17.14 

17.28 
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On  carrying  out  the  same  reaction  with  2-butyn-l-ol  acetate  we  actually  were  able  to  Isolate  acetic 
anhydride. 


CHa-feC-CUzOCOClIj 


CHjCOOH 

Mg(OCOCH,)r 


CII3COCH2CH2OCOCH3  -f  (CM3C0)20 


In  the  further  eourse  of  the  reaction  the  diniercuro  compound  (III)  is  cleaved  by  acetic  acid  to  form 
mercuric  acetate  and  methyl-fl-hydroxycthyl  ketone  OV).  The  latter  is  acctylated  by  the  acetic  anhydride 
(In  presence  of  mercuric  acetate)  to  tlie  end  product  —  metliyl-6 -acetoxyethyl  ketone  (V). 


(Ill)  CHaCOCMaCMzOH 

(IV) 


(CI1,C0),0 

Hg(OCOCH,), 


CHaCOCHjCMaOC.OCUa 

(V) 


It  should  be  pointed  out  tliat  when  tertiary  acetylenic  alcohols  or  2-butyn-l-ol  react  with  acetic  acid  In 
presence  of  mercuric  acetate,  the  resulting  acetoxy  ketones  are  accompanied  (in  die  lower  boiling  fraction)  by 
a  small  quantity  of  free  ketoalcohol. 


It  was  shown  In  a  special  experiment  that  both  methyl-6 -hydroxyediyl  ketone  and  dimethylacetylcarbinol 
are  susceptible  to  acetylation  by  acetic  anliydride  in  presence  of  mercuric  acetate.  It  is  known  diat  die  acetylenic 
hydrogen  of  monosubstituted  acetylenic  compounds  Is  easily  replaced  by  mercury  on  heating  widi  mercury  salts 
[4].  Since  the  carbon  —  mercury  bond  is  strongly  polarized,  the  polarization  directivity  of  the  triple  bond  (shift 
of  the  TT -electron  pair)  in  diis  case  Is  strictly  one-sided;  consequently  the  site  of  subsequent  addition  of  mercury 
salts  Is  unequivocal. 


-C  =  CH  +  HgXj 


-C=C  ^MqX 
5+  8- 


HgX; 


C 


"HgX 


Thus,  we  can  represent  die  mechanism  of  formation  of  acetates  of  acetylcarbinols  from  monosubstituted 
acetylenic  alcohols  on  reaction  with  acetic  acid  in  presence  of  mercuric  acetate  In  die  following  manner; 


C=CM 


G— C^C-llgOCOCIIa 


OH 

.HgOCOCHg 


.  /HgOCOClIj 

/'l  1  \lgOCOGHs 

on  OCC“" 


\ 


\-c=c(' 

/  I  I  \Hg0c0CH3  /  I 

(bllOUgOCOQIa  OH 


C— CO— CHa 


ICOCHg 

\ 


/ 


;C— CO— CH3 
OCOCH3 


All  die  resulting  a- acetoxy  ketones  were  hydrolyzed  by  aqueous  alcoholic  alkali  to  the  corresponding 
a-ketoalcohols.  The  constants  of  die  syndieslzed  ketoalcohols  and  their  acetates  are  set  forth  in  the  table. 

For  Identification  purposes  the  a-ketoalcohols  described  above  were  also  prepared  by  the  Kucherov 
method  -  by  hydration  of  the  corresponding  acetylenic  carbinols  in  aqueous  alcoholic  solutions  in  presence 
of  mercuric  sulfate.  Monosubstituted  acetylenic  derivatives  are  usually  hydrated  selectively  with  formation 
exclusively  of  methyl  ketones  [10], 

It  is  interesting  to  note  that  die  earlier  hypothesis  about  the  mechanism  and  direction  of  hydration  of 
disubstituted  acetylenic  compounds  In  presence  of  mercury  salts  [5]  (mercuric  sulfate)  can  also  be  extended 
to  monosubstituted  derivatives. 


HgSOjOH 


(f' 


5^ 


0 

-o^so. 


HgSOjOH 

L^g 


\o 


H,0 


H  H 
\/ 
c 


so  Hydroly-  c-OH 


SIS 


CH, 

I 

CO 

I 
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EXPERIMENTAL 


Reaction  of  tertiary  acetylenic  carbinols  with  acetic  acid  in  presence  of  mercuric  acetate.  A  mixture  of 
0.1  mole  of  acetylenic  carbinol,  35  g  of  glacial  acetic  acid  and  1.6  g  of  mercuric  acetate  was  refluxed  for 
6-8  hours.  After  the  acetic  acid  had  been  removed  145*  at  2b  mm)  the  residue  was  twice  fractionated  in 
vacuo.  Ail  tile  resulting  a-acetoxy  ketones  were  hydrolyzed  to  ihe  corresponding  a-ketoalcohols  by  lO'/# 
aqueous  alcoholic  sodium  hydroxide  (see  table). 

Reaction  of  2-butyn-l-ol  with  acetic  acid  in  presence  of  mercuric  acetate.  A  mixtiue  of  7  g  of  2-butyn- 
l-ol  [GJ,  26  g  of  glacial  acetic  acid  and  1  g  of  tnercuric  acetate  was  refluxed  for  6  hours  and  tlie  reaction 
mixture  was  fractionated  in  vacuo  to  give  0.6  g  of  methyl-  8-hydroxyethyl  ketone,  with  b.  p.  70-73*  (10  mm), 
n^D  1.4310,  and  6.6  g  of  medtyl-fl-acetoxyethyl  ketone  witli  b.  p.  80-82*  (10  mm),  n^D  1.4230.  The  semi- 
carbazone  of  tlte  latter  melted  at  136-136*  and  did  not  give  a  depression  in  admixture  witli  an  authentic  sample 
[7J. 

Reaction  of  die  acetate  of  2-butyn-l-ol  widi  acetic  acid  in  presence  of  mercuric  acetate.  A  mixture  of 
16  g  of  the  acetate  of  2-butyn-l-ol,  25  g  of  glacial  acetic  acid  and  1.5  g  of  mercuric  acetate  was  refluxed  for 
7  hours.  The  reaction  mixture  was  fractionated  in  vacuo  to  give  12  g  of  methyl-0-acetoxyeihyl  ketone  with 
b.  p.  80-83*  (10  mm),  n^D  1.4235;  the  semicarbazone  melted  at  135-136*  (from  alcohol).  The  initial 
fraction  (5  g)  was  twice  fractionated  at  atmospheric  pressure  to  give  3.5  g  of  acetic  anhydride  with  b,  p.  135-140*, 
n^D  1.4390;  on  heating  with  aniline  it  formed  acetanilide  with  m.  p.  115*. 

Addition  of  Piercuric  acetate  to  the  acetate  of  2-butyn-l-ol.  Into  a  solution  of  3.2  g  of  mercuric  acetate 
in  30  g  of  acetic  acid  at  room  temperature  was  stirred  (dropwise)  1.2  g  of  the  acetate  of  2-butyn-l-ol  in  5  g  of 
acetic  acid.  The  next  day  the  reaction  mixture  was  treated  widi  saturated  potassium  chloride  solution.  The 
precipitate  was  washed  with  aqueous  acetone.  There  was  obtained  2  g  of  l,3-diacetoxy-2-chloromercuributene-2 
with  m.  p.  114-117*  (in  a  sealed  capillary). 

Founder  llg  49.58.  CglluO^ClUg.  Calculated  Hg  49.26. 

Reaction  of  ketoalcohols  witli  acetic  anhydride  in  presence  of  mercuric  acetate,  a)  A  mixture  of  5  g  of 
dlmethylacetylcarbinoT,  5  g  of  acetic  anhydride,  15  g  of  acetic  acid  and  1  g  of  mercuric  acetate  was  refluxed 
for  6  hours.  Fractional  distillation  of  tiie  reaction  mixture  in  vacuo  gave  4.8  g  of  dlmetliylacetylcarbinol  acetate 
witli  b.  p.  60-63"  (10  mm),  n^D  1.4205;  semicarbazone  with  m.  p,  155-156*  (no  depression  in  mixed  melting 
test)  [1]. 

b)  A  mixture  of  3  g  of  methyl-  fl -hydroxyethyl  ketone,  3  g  of  acetic  anhydride,  10  g  of  acetic  acid  and 
0.7  g  of  mercuric  acetate  was  refluxed  for  3  hours.  Fractional  distillation  in  vacuo  gave  2.5  g  of  methyl-8 - 
acetoxyethyl  ketone  with  b.p.  79-82*  (10  mm),  n^D  1,4235;  tlie  semicarbazone  melted  at  135*  and  did  not 
give  a  depression  in  admixture  with  an  authentic  specimen, 

SUMMARY 

1.  A  convenient  method  was  developed  for  preparation  of  acetates  of  a-acetylcarbinols  by  boiling  acetic 
acid  solutions  of  the  corresponding  acetylenic  alcohols  in  presence  of  mercuric  acetate. 

2.  It  was  shown  that  the  dlsubstitutcd  acetylenic  alcohol,  2-butyn-l-ol,  reacts  with  acetic  acid  in  presence 
of  mercuric  acetate  to  give  methyl-  8 -acetoxyethyl  ketone, 

3.  A  mechanism  is  proposed  for  the  formation  of  acetoxy  ketones  by  reaction  of  both  monosubstltuted  and 
disubstituted  acetylenic  alcohols  with  acetic  acid  in  presence  of  mercuric  acetate. 
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In  continuation  of  our  investigations  in  the  field  of  new  forms  of  the  Arbuzov  rearrangement  [Ij,  we  found 
that  trialkyl  phosphites  react  witli  very  great  facility  with  a-diketones.  The  reaction  between  diacetyl  and 
trialkyl  phosphites  proceeds  at  room  temperature  with  considerable  evolution  of  heat.  The  study  of  tliese  reactions 
revealed  that,  depending  on  tlie  experimental  conditions,  we  can  obtain  not  only  die  end  product  of  the  Arbuzov 
rearrangement  (11)  but  also  the  intermediate  product  of  addition  of  trialkyl  phosphite  to  diacetyl. 

Reaction  between  trialkyl  phosphites  and  a-diketones  can  proceed  In  theory  in  two  directions  (A  and  B), 

i.e.,  widi  or  without  transfer  of  die  reaction  center. 
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We  concluded  earlier  [2]  that  route  B  is  followed;  but  more  careful  study  of  die  chemical  and  physico¬ 
chemical  properties  of  die  reaction  products  showed  that  addition  of  trialkyl  phosphites  to  a-diketones  proceeds 
at  one  carbonyl  group,  i.e,,  according  to  route  A.  This  is  supported  by  the  following  facts. 

1.  The  final  reaction  product  (II)  (R  =  C2H5)  is  not  in  any  circumstances  transesterified  by  ethanol  to 
triediyl  phosphate,  whereas  the  analogous  6-chlorovinyl  phosphates  are  easily  transesterified  to  triethyl  phosphate 
[3]. 

2.  Hydrolysis  of  product  (II)  with  barium  hydroxide  gives  the  barium  salt  of  diethylphosphorous  acid, 
whereas  under  the  same  conditions  vinyldicthylphosphates  form  the  barium  salt  of  diethylphosphorlc  acid  [4J. 

3.  The  Raman  spectra  of  compounds  (l)  and  (II),  plotted  at  out  request  by  B.  A.  Arbuzov  and  V,  S.  Vino¬ 
gradova,  do  not  contain  double  bond  vibration  frequencies;  they  contain  strong  lines  at  1733  cm”^  (l)  and 
1728  cm"^  (11)  which  are  close  to  the  frequency  of  the  vibrations  of  the  carbonyl  group. 
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We  isolated  intermediate  products  (I)  (R*  =  CH3;  R  =  C2H5,  C3H2,  C4H5)  in  the  chemically  pure  state  and 
studied  their  properties  (with  reference  to  the  product  of  addition  of  triethyl  phosphate  to  diacetyl).  In  many 
respects  the  properties  were  similar  to  those  of  products  of  addition  of  trialkyl  phosphites  to  a,S- unsaturated 
acids  which  we  had  earlier  studied  in  the  unpurified  form  [Ij. 

Compound  (I)  reacts  vigorously  with  water  to  form  (III).  This  reaction  even  takes  place  with  moisture  of 
the  air. 


(I) 


Reaction  of  (I)  with  water  may  be  expected  to  lead  to  the  ester  of  a-hydroxyalkylphosphinic  acid. 

CH3  Cllr, 

I  I 

(C2H50)2p— C — C=0  (IV) 

II  I 

O  (311 


However  the  compound  that  we  obtained  from  (I)  was  not  identical  with  the  product  (IV)  previously 
described  by  Abramov,  Belokon*  and  Makhmutova  [5J. 

Saponification  of  (III)  with  aqueous  barium  hydroxide  gave  tlie  barium  salt  of  dietliyl  phosphate.  The 
infrared  spectrum  of  this  substance  docs  not  contain  absorption  bands  of  dte  hydroxy  group  in  the  3200-3300  cm"^ 
region  which  arc  characteristic  of  a-hydroxyalkylp!iosphinic  esters  [8j.  All  these  data  support  the  conclusion  that 
product  (il)  is  diethyl- (a,  fi -dimethyl-8 -ketoethyO-phospliate.  Intermediate  product  (1)  very  quickly  changes 
its  physical  properties  on  standing  in  the  air  and  is  converted  mainly  into  triethyl  phosphate  and  product  (III). 
Heating  in  solution  in  ether  and  other  solvents  converts  it  mainly  into  triethyl  phosphate  and  into  diethyl -(  a,8- 
dimethy  1- 8 -ketoethyl)- phosphate  (ill).  It  can  be  kept  unchanged  for  a  considerable  period  at  room  temperature 
when  out  of  contact  with  tlie  ait  (in  a  sealed  ampoule).  Heating  in  a  sealed  ampoule  converts  it  partly  into 
end  product  (II)  (ethyl  ester  of  a -ethoxy-  a,B- dimethyl- 8 -ketoethylphosphinic  acid)  and  partly  into  trietliyl 
phosphate. 

We  studied  tlie  influence  of  experimental  conditions  (temperature,  soivents,  catalysts)  on  the  course  of  the 
second  step  of  the  Arbuzov  rearrangement  in  this  reaction.  Results  of  the  main  experiments  are  presented  in 
Table  2.  These  investigations  show  that  pure  (I),  out  of  contact  with  air,  is  converted  with  difficulty  into  end 
product  (II),  tlie  reaction  being  complicated  by  formation  of  triethyl  phosphate  and  by  resinification  of  the 
product  at  higher  temperatures.  Conversion  of  compound  (0  is  accelerated  in  acetone  and  alcohol;  in  the  latter 
solvent  the  yield  of  triethyl  phosphate  is  considerably  increased.  Tricthyl  phosphite  and  end  product  (II)  do  not 
accelerate  the  conversion  proceeding  according  to  the  second  step  of  the  Arbuzov  rearrangement.  Isomerization 
of  the  intermediate  product  is  greatly  accelerated  by  diacetyl ;  addition  of  an  alkyl  halide  also  speeds  up  the 
second  step  of  the  reaction.  Ultraviolet  irradiation  does  not  speed  up  isomerization  of  the  intermediate  product. 

We  were  also  interested  in  establishing  whether  end  product  (II)  intensifies  tlie  catalytic  action  of  diacetyl 
on  the  reaction  course.  Experiments  showed  that  simultaneous  addition  of  these  two  substances  does  not  speed  up 
the  reaction  more  than  diacetyl  alone;  the  yield  of  triethyl  pliosphate  increases  slightly.  It  must  be  pointed  out 
that  stepwise  operation  of  the  reaction  gives  a  lower  yield  of  end  product  than  direct  preparation  from  diacetyl 
and  trialkyl  phosphite. 
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Organic  acids  react  very  energetically  with  substance  (I)  and  convert  it  Into  (III).  Product  (1)  Is  a  very 
active  initiator  of  the  polymerization  of  methacrylic  acid  and  methyl  methacrylate.  Addition  of  catalytic 
quantities  of  product  (I)  to  methacrylic  acid  causes  rapid  polymerization  at  room  temperature.  A  special  ex¬ 
periment  established  that  polymerization  is  Initiated  only  in  presence  of  air;  polymerization  does  not  take 
place  when  product  (1)  is  added  to  metliacrylic  acid  in  a  sealed  U-shaped  ampoule  under  vacuum. 

Compounds  (I)  and  (II)  react  with  phenylhydrazine  to  give  diacetyl  diphenylliydrazone  in  quantitative 
yield.  We  were  unable  to  establish  the  fate  of  the  phosphoric  portion  of  the  molecule  in  this  reaction. 

Reaction  between  benzil  and  trialkyl  phosphites  is  less  violent.  The  first  step  gives  an  intermediate  product 
analogous  to  tlie  product  of  addition  to  diacetyl.  It  could  not,  however,  be  isolated  in  the  pure  form.  During 
fractionation  it  breaks  down  witli  liberation  of  benzil,  its  properties  were  studied  in  die  impure  form.  Like  the 
intermediate  product  of  addition  to  diacetyl,  it  reacts  with  water  very  energetically  and  Initiates  polymerization. 


TABLE  1 


Pyruvic  acid  resembles  a-diketones  in  possessing  an  0=C  — C=0  conjugated  system.  We  therefore  made 
attempts  to  obtain  more  interesting  products  by  this  reaction.  We  were  unable,  however,  to  obtain  products  otlicr 
than  triethyl  phosphate  even  by  operation  at  -  30  to  -10*  in  an  inert  atmosphere.  The  physical  constants  of 
the  resulting  products  ate  set  fortli  in  Table  1. 

Regarding  the  structure  of  the  intermediate  products  of  the  Arbuzov  rearrangement  tliat  we  prepared,  it 
seems  to  us  more  probable  that  they  contain  pentacovalent  phosphorus  (A)  and  not  a  phosphonium  grouping  (B). 

CHjClla 

I  I 

{HO)3p+-C— C=0 

0- 
(B) 

Unlike  ionic  compounds,  they  do  not  crystallize  even  after  deep  freezing,  and  they  distill  without  decom¬ 
position.  They  are  soluble  in  nonpolar  organic  solvents.  Like  pentaphenylphosphorus,  they  initiate  polymeriza¬ 
tion  of  unsaturated  compounds.  Water  and  acids  rupture  tlie  P  — C  bond  without  addition  of  a  proton  to  the  oxygen. 

Like  phosphinemethylenes  they  can  probably  ionize  during  tire  reaction.  In  that  event  the  mechanism  of 
the  Arbuzov  rearrangement  can  be  represented  in  the  following  way: 
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If  we  assume  that  conversion  of  intermediate  product  to  end  product  involves  an  ionization  step,  then  we 
are  forced  to  die  conclusion  diat  the  bipolar  ion  initially  formed  by  addition  of  trialkyl  phosphate  to  diacetyl 
can  spontaneously  change  into  the  end  product  with  omission  of  the  intermediate  step.  This  process  evidently 
proceeds  concurrently  with  formation  of  intermediate  product,  whereas  stepwise  operation  of  the  reaction  is 
complicated  by  secondary  processes. 


EXPERIMENTAL 

Addition  of  triethyl  phosphite  to  diacetyl.  Experiment  1.  To  an  ethereal  solution  of  30  g  of  triethyl 
phosphite  was  slowly  added  (dropwise)  15.7  g  of  diacetyl.  The  temperamre  rose  to  38*  and  further  temperature 
rise  was  prevented  by  ice  water  cooling  of  the  flask.  The  reaction  mass  was  stood  at  room  temperature  until  the 
next  day.  Vacuum  distillation  gave  30.2  g  (7270)  of  intermediate  product  (1). 

B.  p.  104-105*  (10  mm),  n^D  1.4290,  d^^p  1.0825. 

Found  7o:  P  12.42.  CipHyO^P.  Calculated  7o:  P  12.30. 

In  addition,  8  g  (28 7o)  of  ttiethyl  phosphate  was  obtained;  b.  p.  92-95*  (9  mm),  n^^D  1.4050, 
d“o  1.0691. 

Experiment  2.  Dropwise  addition  of  50  g  of  triethyl  phosphite  was  made  to  25  g  of  dlacetyl.  The  tem¬ 
perature  of  the  mixture  quickly  rose  to  60-80*.  After  the  phosphite  had  been  added,  the  reaction  mass  was 
heated  for  10  hours  on  a  water  bath.  Vacuum  distillation  gave  the  following  fractions:  1st,  15.8  g  (24.27o) 
of  trlethyl  phosphate;  2nd,  10.4  g  (13.37o)  of  intermediate  product  (1).  (Constants  Identical  witli  those  in 
Expt.  1);  3rd,  23.4  g  (30.4 7o)  of  diethyl  ester  of  a-ethoxy- a,  0 -dimethyl-8 -ketoethylphosphinic  acid. 
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B.  p.  127-130*  (10  mm),  n^D  1.4250,  d^®o  1.1061. 

Found '/o;  P  12.32.  CjoIlyOgP.  Calculated  <^0;  P  12.30. 

About  20  experiments  in  all  on  preparation  of  compounds  (1)  and  (11)  were  carried  out  under  various  con¬ 
ditions.  Both  products  were  formed  in  different  ratios  in  tlie  majority  of  experiments. 

Addition  of  tripropyl  phosphite  to  diacetyl.  Diacetyl  (16.6  g)  was  slowly  added  dropwise  to  an  ethereal 
solution  of  tripropyl  phosphite  (40  g).  The  reaction  was  strongly  exothermic  and  the  flask  was  externally  cooled 
with  ice- water.  The  reaction  mass  was  stood  overnight  at  room  temperature.  Vacuum  distillation  gave;  l)  10  g 
(23.3%)  of  tripropyl  phospliate  with  b.  p.  120-124*  (10  mm),  d^®Q  1.0072. 

Found  %;  P  13.72.  C9II21O4P.  Calculated  %;  P  13.83. 

2)  31.5  g  (55.2%)  of  intermediate  product  (I)  with  b.  p.  127-130*  (10  mm),  n*°D  1,4305,  d^o  1.0256. 

Found  %:  P  10,92.  CisH^^O^P.  Calculated  %;  P  10.51. 

3)  6  g  (10.4%)  of  dipropyl  ester  of  a-propoxy-a,6-dlmethyl-fl-ketoethylphosphinic  acid,  b.  p.  148-150* 
(12  mm),  n^°D  1.4230,  d^®,  1.0752. 

Found  %:  P  11.17,  Ci9H2705P.  Calculated  %:  P  10.51, 

Addition  of  tri-n- butyl  phosphite  to  diacetyl.  Dropwise  addition  of  13.7  g  of  diacetyl  was  made  to  an 
ethereal  solution  of  40  g  of  tri-n- butyl  phosphite.  Vacuum  distillation  gave:  1)  15.2  g  (30.2%)  of  intermediate 
product  (1)  witli  b.  p.  138-140*  (10  mm),  n^D  1.4335,  d^°o  0,9977. 

Found  %:  P  10.65.  CigUssO^P.  Calculated  %:  P  9.63. 

The  high  value  found  for  phosphorus  was  due  to  contamination  with  the  low-boiling  tributyl  phosphate. 
Complete  purification  was  impossible. 

2)  21.7  g  (46.8%)  of  dibutyl  ester  of  a-butoxy-a,  6-dimethyl-6-ketoethylphosphinic  acid,  b,  p, 

148-150*  (10  mm),  n^D  1.4240,  d^°o  1.0192. 

Found  %:  P  9.83.  CjgUssO^P.  Calculated  %:  P  9.63. 

These  experiments  likewise  were  repeated  many  times  under  various  conditions. 

Action  of  water  on  intermediate  product  (I),  To  20  g  of  intermediate  product  (I),  obtained  by  reaction  of 
trietliyl  phosphite  with  diacetyl,  was  added  1.4  g  of  water.  An  emulsion  was  formed  and  rapidly  dissolved  on 
vigorous  shaking  witii  considerable  release  of  heat.  The  temperature  rose  to  98*.  After  the  reaction  mixture 
had  cooled  to  room  temperature,  the  low-boiling  products  were  distilled  off  at  normal  pressure.  This  operation 
gave  2.7  g  (75‘7<')  of  etliyl  alcohol.  Further  distillation  in  vacuo  gave  12.5  g  (70.1%)  of  diethyl- a,  fl-dlmethyl- 
6 -ketoethyl -phosphate  with  b.  p.  132-133*  (10  mm),  n^D  1.4210,  d^Q  1.1122. 

Found  %:  P  13.82.  CgH^OgP.  Calculated  %:  P  13.83. 

Tlie  other  intermediate  products  were  similarly  reacted  with  water. 

Action  of  acetic  acid  on  intermediate  product  (1).  To  15  g  of  (1),  prepared  from  triethyl  phosphite  and 
diacetyl,  was  added  3.6  g  of  glacial  acetic  acid,  llie  reaction  was  strongly  exothermic  and  the  temperature 
rose  by  74*.  After  cooling  of  tlie  reaction  mass  to  room  temperature,  tire  volatile  products  were  distilled  off  to 
give  2.5  g  (60%)  of  ethyl  acetate  (b.  p.  72-76*,  n^D  1.3705).  Vacuum  distillation  gave  8  g  (61.5%)  of  diethyl- 
fa,  6- dimetliyl-fl-ketoethyl)- phosphate  with  b.  p.  130-132*  (10  mm),  n^D  1.4210. 

Found  %:  P  13.74.  CetliTOgP,  Calculated  %:  P  13.83. 

Hydrolysis  of  diethyl-(a,  B-dimethyl-fl-ketoethyl)-phosphate.  To  5  g  of  the  diethyl  ester  was  added  an 
aqueous  solution  of  5  g  of  barium  hydroxide.  The  temperature  rose  by  7*.  The  reaction  mixture  was  refluxed 
for  8  hours.  After  completion  of  reaction,  tlie  mass  was  saturated  with  carbon  dioxide  to  bind  unreacted  barium 
hydroxide.  The  barium  carbonate  was  separated  and  the  filtrate  evaporated.  The  residual  barium  salt  was  washed 
with  alcohol  and  dried.  Amount  of  barium  salt  4.8  g. 

Found  %:  P  13.87,  13.67;  Ba  30.67,  30.82.  CgHjoO^PjBa.  Calculated  %;  P  13.97;  Ba  30.72. 
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Hydrolysis  of  dietliyl  ester  of  a-ethoxy- a,  8 -dimetliyl-8  - ketoethylphosphinic  acid.  To  5  g  of  the  diethyl 
ester  was  added  an  aqueous  solution  of  5  g  of  barium  hydroxide.  The  temperature  rose  by  5".  The  reaction 
mixture  was  refluxed  for  8  hours.  The  mass  was  then  saturated  witli  carbon  dioxide  to  bind  unreacted  barium 
hydroxide.  The  filtrate  from  ilie  precipitated  BaC03  was  evaporated  and  die  residual  barium  salt  washed  wltli 
alcohol  and  dried.  Yield  of  salt  3.8  g. 

Found  P  14.81,  14.87.  CjHjoOgPjBa.  Calculated P  15.03. 

Action  of  phenylhydrazinc  on  compounds  (I)  and  (II),  To  an  ethereal  solution  of  12  g  of  intermediate 
product  (1),  obtained  by  reaction  of  triethyl  phosphite  widi  diacetyl,  was  added  (dropwise)  an  edicreal  solution 
of  10  g  of  phenylhydrazine.  There  was  obtained  8.5  g  (77%)  of  diacetyl  diphenylhydrazone.  After  three  re¬ 
crystallizations  from  alcohol  the  diphenylhydrazone  had  m,  p.  240-242* •• ••*.  Literature  data:  m,  p.  243-244*  [7J. 

Found  %:  C  72.20;  H  6.96.  C16H18N4.  Calculated  %:  C  72.30;  H  6.77. 

Phenylhydrazine  was  similarly  reacted  with  tlie  diethyl  ether  of  a-ethoxy-a,  S-dimethyl-B-ketoethyl- 
phosphinic  acid  (II).  The  product  of  tlie  reaction  was  again  diacetyl  diphenylhydrazone. 


TABLE  2 


Experimental  conditions 

^  i 

1 

*M  1 

catalyst 

0 

w 

W-i  0 

0  x: 

0^  w 
^  0  ^ 

Remarks 

0 

z 

temp. 

reaction 
duration  (hr) 

solvent 

wt.,  % 

u 

■D  3 
*0 

-  2 
>-• 

CI4 

wx:i 
<v  cu 

3  U  'J 
-3  cd  3| 
—  -3, 

v»  ^  n 

a>  c  ^ 

1 

90° 

25 

Acetone 

21.0 

15.0 

.50.0 

♦ 

2 

f»0 

25 

Alcohol 

—  i 

20.1 

44.6 

24.6 

* 

3 

90 

25 

— 

Diacetyl (5)j 

23.0 

— 

63.0 

'• 

90 

25 

— 

Diacetyl  (6) 

13.6 

20.0 

42.5 

*  « 

5 

90 

25 

_ 

(11)  (1) 

8.0 

_ 

52.0 

* 

6 

90 

25 

— 

— 

6.0 

18.0 

54.0 

7 

90 

25 

*“ 

Triethyl- 

phosphite 

(1)_ 

— 

84.2 

8 

90 

25 

Pyridine 

12.0 

38.2 

40.0 

1  *  m 

9 

90 

25 

Nitroben¬ 

zene 

— 

4.0 

*  4>  41 

21.0 

*  * 

10 

37 

25 

Ether 

13.3 

40.0 

*  *  Product  (III] 
obtained  in  4 
yield 

11 

40 

25 

Ether 

Diacetyl 

(3.5) 

20.0 

27.0 

25.0 

•  • 

12 

90 

1 

5 

Ultraviolet 

irradiation 

15.0 

81.6 

*In  a  nitrogen 
atmosphere 

13 

90 

5 

— 

- 

— 

— 

89.0 

•In  a  nitrogen 
atmosphere 

14 

Room 

tempera¬ 

ture 

25  (in  air) 

12.0 

27.0 

1 

1  Product  (III) 
obtained  in 
13%  yield 

1 

•  Experiments  in  a  sealed  ampoule. 

••  Experiments  in  a  flask  under  a  reflux  condenser. 

••*  Tlte  triethyl  phosphate  was  not  separated  from  the  nitrobenzene  due  to  the  closeness  of 
their  boiling  points. 
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Polymerization  of  acrylates  in  presence  of  intermediate  product  (I),  a)  Polymerization  in  the  air. 

To  5  g  of  meiJiacrylic  acid  was  added  0.01  g  of  intermediate  product  (I).  The  acid  began  to  polymerize  after 
a  few  seconds  and  4.6  g  of  polymeric  methacrylic  acid  was  obtained  in  tlie  form  of  a  white  solid,  poorly  soluble 
in  organic  solvents. 

b)  Polymerization  witlt  exclusion  of  air.  Polymerization  was  carried  out  in  a  special  U-shaped  vessel. 

In  one  limb  was  placed  5  g  of  metliactylic  acid  and  in  tlte  other  0.01  g  of  intermediate  product  (1).  The  ait 
was  pumped  out  and  the  container  sealed  under  vacuum.  After  5  days  the  contents  were  mixed.  Polymerization 
did  not  take  place  even  after  standing  for  five  days. 

Isomerization  of  product  (1).  Isomerization  was  carried  out  by  heating  the  intermediate  product  obtained 
from  trietliyl  phospliite  and  diacetyl  under  various  conditions  in  presence  of  various  solvents  and  additives  in  a 
sealed  ampoule  or  in  a  flask  connected  to  a  reflux  condenser  topped  by  a  calcium  chloride  tube.  Results  of  the 
principal  experiments  are  set  forth  in  Table  2.  Most  of  the  experiments  were  repeated  many  times. 

Interaction  of  trietltyl  phosphite  with  benzil.  Triethyl  phosphite  (15  g)  was  added  dropwise  to  an  ethereal 
solution  of  benzil  (18.9  g).  Spontaneous  heating  was  observed  within  a  short  time  after  the  whole  quantity  of 
triethyl  phosphite  had  been  added,  tlie  temperature  rising  to  38*.  The  reaction  mixture  was  heated  for  4  hours 
on  a  water  batli.  A  qualitative  test  for  triethyl  phosphite  with  a  copper  halide  gave  a  negative  result.  The  ether 
was  taken  off  in  vacuo,  Tlie  crude  product  initiated  polymerization  of  methacrylic  acid.  It  reacted  with  water 
with  a  25“  rise  of  temperature.  Attempts  to  fractionate  tlie  addition  product  were  unsuccessful,  the  product 
breaking  down  with  formation  of  triethyl  phosphate  and  benzil. 

The  intermediate  product  (10  g)  was  heated  for  20  hours  at  80-90*  under  a  reflux  condenser  topped  by  a 
calcium  chloride  tube.  The  properties  characterizing  die  intermediate  reaction  product  gradually  disappeared. 
Attempts  to  fractionate  tlie  reaction  products  in  high  vacuum  (lx  10"*  mm)  were  unsuccessful.  Decomposition 
took  place  with  formation  of  benzil  and  trietliyl  phosphate. 

Interaction  of  trieihyl  phosphite  with  pyruvic  acid.  Addition  of  pyruvic  acid  (10.6  g)  to  an  ethereal 
solutioiTof  tricili^pli^ihiie  (cooled  to  -  30  °)  was  effected  slowly  (dropwise)  in  a  carbon  dioxide  atmosphere. 
During  die  operation  the  temperature  rose  to  -  10*.  After  completion  of  die  dropwise  addition,  the  ether  was 
taken  off  in  a  carbon  dioxide  atmosphere.  Fractionation  was  effected  in  vacuo  and  gave  14  g  (62.7  %)  of 
triediyl  phosphate  with  b.  p.  92-95*  (10  mm),  n^D  1.4065. 

SUMMARY 

1.  Tlie  interaction  of  trialkyl  phosphites  with  a- diketones  was  studied.  Intermediate  products  of  this 
Arbuzov  rearrangement  reaction  were  isolated. 

2.  A  study  was  made  of  some  properties  of  die  intermediate  products  and  of  the  influence  of  various 
factors  on  die  course  of  the  second  step  of  the  Arbuzov  rearrangement. 
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We  required  a  supply  of  l-bromo-3-(2,4-dinitrophenyl)- 2-propanone  (l)  as  starling  material  for  synthetic 
investigations. 

According  to  die  literature  [1],  two  substances  appear  to  be  formed  during  bromination  of  2,4-dinitro- 
phenylacetone.  One  of  these  was  apparently  1- bromo-3-(2, 4- dinitrophenyl)- 2-propanone.  The  authors  established 
that  in  both  substances  the  bromine  was  in  die  side  chain  but  it  was  not  establislied  which  of  diem  was  1- substituted 

We  also  obtained,  depending  on  the  conditions,  two  bromoketones  of  die  same  composition  by  bromina¬ 
tion  of  2,4-dinitrophenylaeetone  [2J  in  glacial  acetic  acid.  One  of  them,  m.p.  96-9T  (I),  is  formed  by  bromina¬ 
tion  of  2,4-dinitroplieiiylacetone  at  50-60°;  the  odier,  widi  m.  p.  115-116°,  is  formed  at  13-15°  (II). 

We  synthesized  l-bromo-3-(2,4-diniirophenyl)- 2-propanone  from  2,4-dinitrophenylacetic  acid  with  the 
aim  of  establishing  die  structures  of  the  two  compounds.  We  prepared  2,4-dinitrophenylacetyl  chloride,  reacted 
it  widi  diazomethane  to  give  a  diazoketone  not  previously  described  in  the  literature,  and  reacted  die  latter  with 
hydrogen  bromide  to  give  l-bromo-3-(2,4- dinitrophenyl)- 2-propanone  with  m.  p.  96-97*.  Tliis  was  identical 
widi  bromoketone  (l)  prepared  from  2,4-dinitrophenylacetone.  Consequently,  bromoketone  (II)  with  ni.  p.  115-116 
is  3- brotiio- 3- (2,4- dinitrophenyl)- 2-propanone.  This  result  of  out  investigation  is  consistent  with  A.  E.  Favorskii’s 
observation  diat  bromination  of  ketones  leads  to  preferential  substitution  of  a  hydrdgen  at  die  less  hydrogenated 
carbon  atom  [3J.  We  noted  mat  24-hours'  standing  of  die  reaction  mass  containing  bromoketone  (II)  at  room 
temperature  led  to  formation  of  the  substance  widi  ni.  p.  96-97°,  We  also  effected  conversion  of  (II)  into  (I)  by 
boiling  in  glacial  acetic  acid  in  presence  of  hydrogen  bromide. 

In  this  manner,  we  detected  yet  another  example  of  anionotropic  rearrangement  of  unsymmetrical  a-halo- 
ketones  which  was  earlier  investigated  for  halogen- substimted  6  - ketoesters,  0 -diketones  and  steroids  [4],  and 
more  recently  described  [5,  6]  for  die  simplest  a- bromoketones. 

EXPERIMENTAL 

Bromination  of  2,4-dinitrophenylacetone.  a)  In  the  course  of  15  minutes  a  solution  of  1.7  g  of  bromine 
in  3.8  ml  of  glacial  acetic  acid  was  added  to  a  solution  of  2.5  g  of  2,4-diniirophenylaceione  in  10  ml  of  glacial 
acetic  acid  at  55-60*.  The  mixture  was  kept  at  diis  temperature  for  15  minutes  and  then  left  at  room  tem¬ 
perature  until  the  next  day.  The  resulting  crystals  of  bromoketone  (1)  were  filtered  off;  0.75  g,  m.  p.  93-94*. 
The  acetic  acid  solution  was  run  into  water  and  deposited  a  furdier  1.85  g  of  substance  with  m.  p.  90-91*.  After 
recrystallization  from  a  mixture  of  alcohol  and  ether,  l-bromo-3-(2,4-dinitrophenyl)-2-propanonc  (I)  formed 
colorless  crystals  widi  m.  p.  96-97*. 

Found  <70:  Br  26.05;  N  9.02.  CaHTOgNjBr.  Calculated  Br  26.37;  N  9.25. 

b)  In  the  course  of  15  minutes  a  solution  of  1,7  g  of  bromine  in  3.8  ml  of  glacial  acetic  acid  was  stirred 
into  a  solution  of  2.5  g  of  2,4-dinitrophcnylacetone  in  10  ml  of  glacial  acetic  acid  at  12-15*.  Crystals  began 
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to  come  down  after  about  1  hour  40  minutes.  Five  minutes  after  start  of  crystallization,  the  crystals  were  filtered 
off,  washed  with  etlier  and  dried.  There  was  obtained  1.3  g  of  substance  with  m.  p.  114-115*.  The  acetic  acid 
motlier  liquor  was  quickly  run  into  water  and  tlien  deposited  a  further  1.3  g  of  substance  with  m.  p.  107-114*. 
After  recr)'Stallization  from  a  mixture  of  alcohol  and  ether,  3-bromo-3-(2,4-dinitrophenyl)-2-propanone  (11) 
formed  colorless  crystals  witlt  m.  p.  115-116*. 

Found  «7o:  Dr  26.65;  N  0.03.  CjH70BN2Br.  Calculated  o/o:  Br  26.37;  N  9.25. 

Rearrangement.  A  suspension  of  0.3  g  of  bromoketone  (11),  m.  p.  115-116*,  in  3  ml  of  glacial  acetic 
acid  was  boiled  witli  five  drops  of  hydrobromic  acid  for  0.5  hour.  The  mass  was  poured  into  a  mixture  of  water 
and  ice.  After  recrystallization,  tlie  product  had  m.  p.  96-97*  and  did  not  give  a  depression  of  melting  point 
in  admixture  widt  bromoketone  (I). 

2,4- Dinitrobenzil  diazomethyl  ketone.  To  a  solution  of  diazomethane  in  90  ml  of  etlier  (prepared  from 
7.5  g  of  nitrosomethylurea  at  —  2*)  was  gradually  added  a  solution  of  4.65  g  of  2,4-dinitrophenylacetyl  chloride 
[7]  in  100  ml  of  absolute  ether.  The  mixture  was  left  until  die  next  day  in  a  refrigerator,  and  the  crystalline 
precipitate  (2.9  g)  was  filtered,  washed  with  a  little  cold  edier,  and  recrystallized  from  methanol.  M.  p.  112 
to  113*. 

Found  <70;  C  43.77;  H  2.64.  C^b05N4.  Calculated  C  43.24;  H  2.42. 

l-Bromo-3-(2,4-dinitrophenyl)-2-propanone  (I).  To  a  suspension  of  2.6  g  of  2,4- dinitrobenzil  diazo- 
mediyl  ketone  in  26  ml  of  methanol  at  room  temperature  was  added  dropwise  3.5  ml  of  40*70  hydrobromic  acid. 
The  mixture  was  boiled  until  bubbles  of  nitrogen  ceased  to  come  off.  A  precipitate  came  down  on  cooling  and 
was  filtered  and  dried.  There  was  obtained  2  g  of  l-bromo-3-(2,4-dinitrophcnyl)-2-ptopanone  with  m.  p. 
95-96";  no  depression  of  melting  point  in  admixture  with  bromoketone  (1). 


SUMMARY 

1.  Bromination  of  2,4-dinitrophenylacetone  gave,  depending  on  the  conditions,  either  l-bromo-3-(2,4- 
dinitropheny I )-  2-  propanonc  or  3- bromo-  3-  ( 2,4-  dinitropheny l)-  2-  propanone.  3-  Bromo-  3-  (2,4-  dinitrophenyl)- 
2-propanonc  is  transformed  into  its  isomer  on  heating  in  glacial  acetic  acid  in  presence  of  hydrobromic  acid, 

2.  Tlie  structure  of  1- bromo- 3- (2,4- dinitrophenyl)- 2- propanone  was  confirmed  by  its  preparation  from 
2,4-dinitrophenylacetic  acid  via  the  diazoketone. 
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INTRODUCTION  OF  SUBSTITUENTS  INTO  THE  BENZENE  RING 
OF  INDOLE 

VI.  SYNTHESIS  OF  SULFO  DERIVATIVES  OF  INDOIF  AND  INDOUNE  [1] 

A,  P.  Terent'ev  and  M.  N.  Preobrazhenskaya 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khiniii,  Vol.  30,  No.  4,  pp.  1218-1222,  April,  19G0 
Original  article  submitted  May  11,  1959 


Indoles  containing  a  sulfo  or  sulfaniido  group  in  the  benzene  ring  were  previously  obtained  by  the  Fischer 
reaction  from  corresponding  substituted  phenylhydrazines  [2-5j.  An  extremely  complicated  synthesis  of  amides 
and  esters  of  3-carbethoxy-5-indolesulfonic  acids  from  3,4- quinoltne-quinone  diazides,  involving  many  steps, 
was  later  described  [Gj.  However,  tltese  methods  did  not  give  sulfo  derivatives  of  indole  not  containing  sub¬ 
stituents  In  the  benzene  ting. 

In  the  present  work  we  describe  a  syntlicsis  of  5-indolesulfamides  by  dehydrogenation  of  tlie  corresponding 
5-indolincsulfamides;  the  latter  were  prepared  from  indolinesulfochloride.  Sulfochlorination  of  indolines  and 
tlieir  closest  analogs  —  tetrahydroquinolincs  -  has  not  previously  been  described.  We  sliowed  tliat.  1-acetyl- 
indoline  (1)  reacts  witli  chlorosulfonic  acid  to  form  l-acetylindoline-5-suIfochloride  (II).  The  reaction  was  con¬ 
ducted  under  the  same  conditions  as  for  pre-paration  of  p-acetaminobenzenesulfochloride  [7J.  Hydrolysis  of  sulfo- 
chloride  (11)  witli  hydrochloric  acid  gives  5-indolinesulfonic  acid  (III). 


ao2S,^ 


(I)  COCHg 


I 

(II)  COCH3 


H 

(III) 


The  position  of  the  sulfo  group  was  confirmed  by  detection  of  die  SO4"  in  solution  after  acid  (III)  had  been 
reacted  in  the  cold  with  bromine  water.  It  is  well  known  that  under  mild  conditions  bromine  only  displaces  the 
sulfo  group  in  die  para-position  to  the  amino  group  in  the  benzene  ring  [8,  9]. 

Heating  of  sulfochloride  (U)  with  ammonium  carbonate  gave  1-acetylindoline- 5- sulfonamide  (IV).  N,N- 
Dimediylarnide  of  1-acetylindoline- 5-sulfonic  acid  (V)  was  obtained  by  reaction  of  (II)  with  aqueous  dimethyl- 
amine  (67.2*70),  and  N- methyl- N-phenylamide  of  1-acetylindoline- 5-sulfonic  acid  (VI)  by  heating  of  (II)  with 
methylamine  and  sodium  bicarbonate.  Hydrolysis  widi  hydrochloric  acid  converted  these  1-acetylindolinesulfamides 
(IV,  V,  VI)  into  the  corresponding  indolinesulfamides  (VII,  VIII,  IX);  In  the  case  of  (Vl)  the  S  -  N  bond  was 
partly  hydrolyzed  since  methylaniline  was  detected  in  addition  to  the  methyl- N-phenylamide  of  5-indolinesulfonic 
acid  (IX). 
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RHiNSOa 


COCMa 


(IV)  R  =  R,  =  H. 

(V)  R  =  R,  =  CH,. 

(VI)  R  CII3.  R,  =  C.H.. 


RR]NS02.^ 

T  n 

H 


(VII)  R  =  R,  =  H. 

(VIM)  R  =r  R,  =  CH,. 

(IX)  R  =  C1!,.  R,  =  C,H„ 


(X)  R  =  R,=  H, 

(\l)  R  =  R,  =  CH,, 

(XIl)  R  =  CH,.  R,  =C,H,. 


Heating  of  the  indoUnesulfamides  witli  chloranil  in  xylene  converted  them  into  tlte  corresponding  indole- 
sulfamides.  The  following  total  yields  of  indolesulfaniides,  calculated  on  the  unsubstituted  indole,  were  obtained 
(in^o):  (X),  amide  of  5-indolesulfonic  acid  13.7;  (XI),  N.N-dimetliylarnide  of  5-indolesulfonic  acid  18; 

(Xll),  N-mcihyl-N-phenylamide  of  5-indolesulfonic  acid  9.8. 

It  is  interesting  to  note  Uiat  the  formal  analog  of  1-acetylindoline  -  N- acetyl- o-toluidine  —  forms  2- 
acetamino-4-toluenesulfochloride  on  sulfochlorination,  i.e.,  the  SO2CI  group  enters  in  the  meta- position  to  the 
acetylamino  group  [10].  Comparison  of  the  behavior  of  indolines  and  o-toluidines  in  electrophilic  substitution 
reactions  shows  tliat,  in  spite  of  tlie  outward  similarity,  these  compounds  differ  in  their  behavior  in  many  sub¬ 
stitution  reactions.  Thus,  N,N- dimethyl- o-toluidinc  does  not  undergo  nitrosation  by  sodium  nitrite  in  hydro¬ 
chloric  acid  [12],  while  N-methylindoline  couples  witli  diazotized  sulfanilic  acid  in  tlie  5  position  and  also  forms 
a  5-nitroso  derivative  when  treated  witli  nitrous  acid  [13],  N-Methyl-N-acetyl-o-toluidine  is  nitrated  in  die 
meta-position  to  the  methylacetamino  group  [11],  while  N-acetylindoline  is  nitrated  in  die  para-position  (the 
5-position)  [14].  Friedel  —  Crafts  acylation  of  N-aceiylindolines  results  in  replacement  of  die  hydrogen  in  the 
para-position  to  the  acetamino  group  [i],  whereas  N-acetyl-o-toluidine  under  die  same  conditions  forms  meta¬ 
derivatives  (relative  to  die  acetamino  group)  [15], 

The  difference  in  behavior  of  analogous  open  and  closed  systems  may  be  accounted  for  by  the  following 
considerations.  In  the  case  of  N,N-disubstituted  o-toluidine  the  CH3  and  NR2  groups  cannot,  owing  to  steric 
hindrance,  lie  in  die  plane  of  die  benzene  ring.  Consequently  die  axes  of  the  clouds  of  p-electrons  of  the 
nitrogen  and  die  tr -electrons  of  die  benzene  ring  arc  no  longer  parallel,  and  therefore  the  conjugation  of  the 
NR2  group  with  die  benzene  ring  is  upset.  Hence  in  disubstituted  o-toluidines,  electrophilic  substitution  reactions 
are  directed  to  die  para- position  to  the  mcdiyl  group  [IG,  17].  Due  to  formation  of  a  ring,  the  indoline  molecule 
is  coplanar,  and  die  conjugation  of  the  p-electrons  of  the  nitrogen  with  die  tr -electrons  of  die  benzene  ring  is 
not  violated.  Hence  electrophilic  substitution  reactions  take  effect  in  die  para- position  to  die  amino  group  which 
is  the  stronger  orienting  influence. 

Again,  die  conjugation  of  the  NR  group  widi  the  benzene  ring  is  evidently  not  violated  in  tetrahydro- 
quinolinc  and  its  N- derivatives,  and  in  the  majority  of  cases  the  orientation  in  the  indoline  series  is  die  same 
as  in  die  tetrahydroquinoline  series.  An  exception  arises  in  the  nitration  of  N-acetyltetrahydroquinoline  when 
a  mixture  of  para-  and  meta-isomers  (relative  to  die  amino  group)  is  formed  [18].  As  already  indicated,  1- 
acctylindolines  undergo  nitration  in  the  para- position  to  die  amino  group.  The  different  direction  of  nitration 
in  diis  case  may  be  associated  with  the  differing  influences  of  the  five-  and  six-membered  ring  on  die  benzene 
ring.  It  is  known,  for  example,  diat  derivatives  of  indanc  and  tetralin  manifest  different  orientations  in  some 
substitution  reactions  (die  Mills  — Nixon  effect)  [17].  This  phenomenon  has  not  previously  been  satisfactorily 
explained. 


EXPERIMENTAL 

1- Acetylindoline-5-sulfochloride  (II).  1- Acetylindoline  (I)  (23  g)  was  added  in  small  portions  with  in¬ 
tensive  stirring  and  water  cooling  to  GO  ml  of  chlorosulfonic  acid.  Slight  heat  was  developed  and  hydrogen 
chloride  was  evolved  violently.  After  the  whole  of  die  1-acetylindoline  had  been  added,  die  reaction  mixture 
was  heated  on  a  water  badi  for  1.5  hours  at  50-60*  and  then  poured  onto  ice  with  vigorous  stirring.  There  was 
obtained  20  g  (54^o)  of  l-acetylindoline-5-sulfochloride;  colorless  crystals  with  m.  p.  170-171*  (from  octane). 

Found  C  46.10;  H  3.80.  CioHioOgNSCl.  Calculated  C  46.24;  H  3.88. 
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5-IndolinesiiIfonic  acid  (111)  was  prepared  by  boiling  15.5  g  of  l-acetylindoline-5-sulfochloride  (II)  witli 
hydrochloric  acid.  The  solution  was  evaporated  to  dryness  on  a  water  bath  and  the  residue  recrystallized  from 
methanol  to  give  crystals  tliat  decomposed  when  heated  to  above  300*.  Good  solubility  in  water. 

Found  <7o;  N  6.79;  S  16.07.  CgHANS.  Calculated  *70:  N  7.04;  S  16.09. 

To  a  solution  of  analytically  pure  5-indolinesulfonic  acid  (1.12  g)  was  added,  dropwise  with  stirring, 
bromine  water  containing  1.8  g  of  bromine.  The  color  of  bromine  disappeared  quickly.  Addition  of  barium 
chloride  solution  brouglit  down  a  precipitate  insoluble  in  hydrochloric  acid  (barium  sulfate). 

Amide  of  l-acetylindoline-5-sulfonic  acid  (IV).  A  mixture  of  7.8  g  of  l-acetylindoline-5-sulfochloride 
(II)  and  28  g  of  ammonium  carbonate  was  pulverized  in  a  mortar  and  placed  in  a  flask  which  was  then  heated 
for  2  hours  on  a  boiling  water  bath.  The  reaction  mass  was  treated  with  water.  There  was  obtained  4.9  g 
of  the  amide  of  l-acetylindoline-5-sulfonic  acid.  Colorless  crystals,  soluble  in  hot  water  and  caustic  alkali. 

M.  p.  223-224*  (from  aqueous  alcohol). 

Found  C  50.27;  H  5.24;  N  11.47.  C10H12O3N2S.  Calculated  <70:  C  49.98;  H  5.04;  N  11.65. 

N,N-Dimetliylamide  of  l-acetylindoline-5-sulfonic  acid  (V).  Finely  pulverized  l-acetylindoline-5-sulfonic 
acid  (II)  (4.6  g)  was  stirred  with  100  ml  of  28^o  dimetliylaminc  solution.  Crystals  were  filtered  off  after  2  hours. 
M.  p.  188.5-189.5*  (from  alcohol). 

Found  <70:  N  10.27.  CjaflicOaNjS.  Calculated  N  10.44. 

N- Methyl- N-phenylamide  of  1-acetylindoline- 5- sulfonic  acid  (VI).  Into  5.8  g  of  l-acetylindoline-5- 
sulfochloride  (iD  was  stirred  7  ml  of  methylaniline  followed  by  a  solution  of  sodium  bicarbonate.  The  mixture 
was  heated  on  a  water  bath,  cooled  and  acidified  witli  hydrochloric  acid.  There  was  obtained  7.2  g  of  (Vl)  which 
was  recrystallized  from  alcohol  to  give  4.7  g  (63,5°7c')  of  product  in  tlie  form  of  colorless  crystals  with  m.  p.  179.5 
to  180.5*. 

Found  N  8.30.  Ci^Ii803N2S.  Calculated ‘7o:  N  8.48. 

_^Indolinesulfonamide  (VII ).  Obtained  by  boiling  of  die  amide  of  1-acetylindoline- 5- sulfonic  acid  (IV) 

(0,75  g)  with  hydrochloric  acid  (1 : 1)  for  an  hour  followed  by  addition  of  sodium  bicarbonate.  Yield  0.45  g 
(72.7*70).  Colorless  crystals.  M.  p.  161-162*  (from  water). 

Found  *70:  C  48.07;  H  4.95;  S  16.20.  CgHioOzNjS.  Calculated  <7o:  C  48.45;  H  5.09;  S  16.17. 

N,N-Dimcdiylamide  of  5-indolinesulfonic  acid  (VIII)  was  prepared  in  a  yield  of  93.4*7o  by  hydrolysis  of 
tile  N,N-dimctliylamide  (V).  M.  p.  108.5-109*  (from  water). 

Found  *70:  N  12.23.  C10H1.1O2N2S.  Calculated  N  12.38. 

N- Methyl- N-phcnylamide  of  5-indolinesulfonic  acid  (IX).  Prepared  by  hydrolysis  in  dilute  hydrochloric 
acid  of  1  g  of  acetyl  derivative  (VI).  After  addition  of  sodium  bicarbonate  to  the  acid  solution,  the  hydrolysis 
product  was  extracted  witli  etlier,  the  ether  was  evaporated  and  tlie  viscous  mass  (strongly  smelling  of  metliyl- 
aniline)  was  recry’Stallized  from  aqueous  methanol.  There  was  obtained  0.4  g  of  colorless  crystals  of  N-methyl- 
N-phenylamide  of  5-indolinesulfonic  acid.  Purified  for  analysis  by  recrystallization  from  carbon- containing 
alcohol.  M.  p.  87.5-88*. 

Found  *7o:  N  9.57.  C15H15O2N2S.  Calculated  <7o:  N  9.71. 

5-Indolesulfonamide  (X).  A  suspension  of  2.3  g  of  amide  (VII)  and  2.86  g  of  chloranil  in  100  ml  of  xylene 
was  heated  at  die  boil  for  4  hours.  The  crystals  of  the  original  indolesulfamide  changed  into  an  oil  on  heating. 
During  the  reaction  diis  oil  crystallized.  The  crystals  were  filtered  after  cooling  and  washed  on  die  filter  with 
xylene.  There  was  obtained  2.7  g  of  dark- brown  substance  which  after  recrystallization  from  water  gave  1.25  g 
(55*7o)  of  5- indolesulfamide.  Colorless  crystals,  insoluble  in  benzene  and  gasoline,  soluble  in  alcdiol  and  dioxane, 
M.  p.  203.5-204.5*  (from  aqueous  alcohol). 

Found  <7o:  C  49.37;  H  4.45;  S  16.34.  CeHsOgNjS.  Calculated  <7o;  C  48.97;  H  4.11;  S  16.34. 


N,N- Dimeiliylaniidc  of  5-indolesulfonic  acid  (XI).  A  solution  of  1.2  g  of  the  N.N-dimethylamide  (VIlO 
in  250  ml  of  xyicne  and  2,4  g  of  chloranil  was  lieated  at  die  boil  for  4  hours.  After  cooling,  die  product  was 
washed  in  succession  widi  alkali,  water,  dilute  hydrochloric  acid  and  water.  The  xylene  was  taken  off  in  vacuo 
to  leave  0.68  g  (57%)  of  colorless  crystals  of  N,N-dimethylamide  of  5-indolesulfonic  acid  (XI)  with  m.  p. 
123-125"  (from  water  and  dicn  from  benzene). 

Found  %;  N  11.88.  C10II12O2N2S.  Calculated  %;  N  12.49. 

N- Methyl- N-phen^lamide  of  5-indolesulfonic  acid  (Xll).  A  xylene  solution  of  1.12  g  of  N-methyl-N- 
phenylamide  (IX)  and  0.9G  g  of  chloranil  was  heated  at  die  boil  for  4  hours  and  the  product  worked  up  as 
described  for  die  preceding  experiment.  Removal  of  the  xylene  in  vacuo  left  an  oil  to  which  a  little  heptane 
was  added.  The  oil  crystallized  after  a  few  hours  to  give  0.73  g  (66%)  of  (XII).  It  slowly  recrystallized  from 
water  in  the  form  of  colorless  crystals  widi  m,  p.  102-103*. 

Found  %:  C  62.80;  H  5.04;  S  11.11;  N  9.82.  Ciglli^OgNjS.  Calculated  %:  C  62.90;  H  4.93; 

S  11.19;  N  9.78. 
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Original  article  submitted  February  16,  1959 


Dithiooxamide  and  its  derivatives  have  been  studied  in  recent  years  as  analytical  reagents  [1],  and  their 
antibacterial  [2]  and  insecticidal  [3]  properties  have  been  examined.  Some  of  them  have  proved  to  be  good 
metal  deactivators  in  petroleum  products  [4j. 

Tl»c  only  representatives  of  the  series  of  substituted  N-phenylditliiooxamldes  hitherto  known  were  the 
phenyl,  p-tolyl-,  o-tolyl,  2,4-diirictliylphenyl,  and  a-  and  0 -naphtliyl  derivatives.  Interest  was  therefore 
attached  to  the  syntliesls  and  examination  of  alkoxy- substituted  derivatives  which  have  not  been  mentioned  at 
all  in  tile  literature. 

Substituted  N-phenylditliiooxamldes  can  be  obtained  by  two  methods;  Heating  of  substituted  phenyl- 
oxamides  with  phosphorus  pentasulfide  in  high- boiling  organic  solvents  [5j  and  reduction  of  nitriles  of  the 
corresponding  thiooxanilic  acids  by  ammonium  polysulfide  [6]. 


Fig.  1.  Absorption  spectra  of  nitriles  of  alkoxy- substituted 
thiooxanilic  acids  in  tlie  ultraviolet,  l)  Nitrile  of  o- 
etlioxyphenylamide  of  tliiooxalic  acid;  2)  nitrile  of  p- 

ethoxyphenylamide  of  thiooxallc  acid;  3)  nitrile  of  o-n- 

butoxyphenylamide  of  tliiooxalic  acid;  4)  nitrile  of  p-n- 

butoxyphcnylamide  of  tliiooxalic  acid. 

The  second  was  found  the  more  convenient.  The  starting  substances  for  preparation  of  substituted  nitriles 
of  thiooxanilic  acid  were  the  corresponding  mustard  oils.  Tlie  latter  were  prepared  from  aromatic  amines  and 
thiophosgene  in  a  medium  of  hydrochloric  acid  [Ij. 
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Nitriles  of  thiooxanilic  acid  are  usually  prepared  by  reaction  of  mustard  oils  in  alcoliolic  solutions  with  an 
aqueous  solution  of  potassium  thiocyanate  [Cj.  \v'e  prepared  five  nitriles  by  tliis  metltod  (Table  1,  Nos.  1,  2,  4, 

9  and  10).  Tlie  remaining  nitriles  were  prepared  by  reaction  of  the  corresponding  phenyl  mustard  oils  with 
acetone  cyanohydrin.  In  recent  years  the  latter  substance  has  been  extensively  used  (as  a  source  of  hydrogen 
cyanide)  in  various  addition  and  substitution  reactions  [8].  This  last  mcdiod  leads  to  nitriles  of  thiooxanilic 
acid  in  good  yields  and  in  a  fairly  pure  state.  The  great  advantages  of  acetone  cyanohydrin  are  the  facility 
witli  which  it  can  be  measured  out  and  its  solubility  in  water  and  organic  solvents.  The  synthesized  alkoxylated 
nitriles  of  thiooxanilic  acid  arc  listed  in  Table  1, 

We  see  from  Table  1  tltat  tlie  nitriles  arc  obtained  in  good  yields.  They  form  yellow  crystals,  readily 
soluble  in  caustic  alkali  and  in  alcohol  and  other  organic  solvents.  They  were  purified  by  crystallization  from 
alcohol. 

Absorption  curves  of  nitriles  of  c-  and  p-ethoxy-  and  n-butoxyphenylamidothiooxalic  acid  in  10"^  M 
concentration  in  alcohol  are  plotted  in  Fig.  1. 

We  see  from  Fig.  1  tliat  the  absorption  maximum  of  para-substituted  derivatives  is  located  at  longer 
wavelengdis  than  the  principal  absorption  maximum  of  the  corresponding  ortlio- substituted  compounds, 

Alkoxyphenylditliiooxamides  were  prepared  by  saturation  of  an  alcoholic  solution  of  die  corresponding 
nitrile  widi  gaseous  ammonia  and  dien  with  hydrogen  sulfide.  Completion  of  saturation  widi  hydrogen  sulfide 
was  followed  by  separation  of  orange- red  crystals  or  oil.  The  latter  crystallized  after  purification  (from  alcohol). 

Alkoxyphcnyldidiiooxamidcs  can  be  obtained  widiout  isolation  of  die  nitriles  of  diiooxanilic  acid.  For 
this  purpose  the  alcoholic  solutions  of  die  nitriles,  obtained  by  reaction  of  mustard  oils  widi  acetone  cyanohydrin 
in  an  alkaline  medium,  are  saturated  'vidi  hydrogen  sulfide,  and  the  resulting  product  is  purified  in  the  usual  way. 
Table  2  contains  die  names  of  the  alkoxyphenyldidiiooxamidcs  that  we  syndiesized,  together  with  their  melting 
Doints,  yields  and  analyses. 

Figure  2  contains  absorption  curves  of  o-  and  p-ethoxy-  and  n-butoxyphenyldidi’ooxamides  in  10"^  M 
concentration  in  alcohol. 


Fig.  2.  Ultraviolet  absorption  spectra  of  alkoxy-substituted  phenyl- 
didiiooxamide;  1)  o-edioxyphenyldidiiooxamidc;  2)  p-ethoxy- 
phenyldiihiooxamide;  3)  o-n-butoxyphenyldithiooxamide;  4) 
p-  n-  butoxypheny  Ididiiooxamide. 

The  absorption  curves  of  ordio-substituted  compounds  are  seen  to  differ  from  diose  of  para- substituted 
compounds  by  the  presence  of  a  plateau  in  the  250-270  mp  region. 


1243 


f8 

O  nj 

S  a 
^  E 

I  £ 


3 

</> 


«  c 

S  I 


2  ^ 
2  c 


2  o 

£  Z 


jccccjro  ^  t^t^r-O 
sotcirtvrt  ,irt  ,  iCccDccc;^ 
«D  tc  in  in 


I  I 


lO  CO  r--  iO 
in  cc  CO 

«D  CC  lO  vC 

*c  Q  in  CM 
iq  O  r  1 
<c  r**  in  in 


CM  -n 

in  tn  o 

cn  CO  cn  ro 


C^l  CM 

I  I 


O  00  C5 

00  aj  -n 

O'!  — ■  CM 


1 1 1 1  .■:*  I 


1 1 


w^cntocncocncncncnw: 

r/1  r/'  W  NCIMNCINMC-IC^ 

PI  z  h;  x;  ?:  z  2: 

^■2:ococoooooo 

^  :r:  —  X2:::::r:n:2:s 


cJcJ 


o  O  U  O  CJ  U  O  U  U  CJ 


u 

00 

^  a 
2? 

Fooo  OOi-*OOOO®0 
^  ^  ^  ^  a 

2  <u  U  D  (U  OJ  U  <U  O)  3 

cQ  >-  >->-  >->-.ri>-  >->->-  O 


cxNjeMo^moootc 
^  ^  ^  O  in  CO  00  00 

oT  i7  iT  I  I  iig^ 

—i  00  o  qi  ^  00 1'.  m 

•«t^--«moininoooo 


?^3£‘^^'"cofO'-'  osooinoo 
t^C75t0C0050>C5CiesiOTC>S 


§  g  >.>.  S.a||§  §  g 

■S^ggooSSSnaE 

.^2-S-E  , ‘^ooTTo  o 
^*SujuJ  cciiSiiS  c  m 

I  i  •  I  I  •  I  I  I  I  I  I 

0  0,00.0  0,0  o,  o  0,0  o 


— •  c'l  CO  vr  vn  CO  1^  X  o.  o  ••-  f>i 


1244 


Low  yield  of  nitrile  due  to  isolation  after  solution  of  the  mustard  oil  without  leaving  the  reaction  mixture  until  the  next  day. 
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EXPERIMENTAL 


Nitrile  of  p-n-butoxyphcnylamidc  of  thiooxalic  acid.  To  a  solution  of  9.3  g  of  p-n-butoxy phenyl  mustard 
oil  in  ^  mi  of  afcohoi  was  added  2.8  g  ol  sodium  cyanide  in  15  ml  of  water.  The  mixture  was  stirred  for  2-3 
hours  and  left  until  the  next  day.  The  solution  was  tlien  filtered,  diluted  with  water  and  acidified  with  hydro¬ 
chloric  acid.  The  resulting  yellow  precipitate  was  filtered  off,  washed  on  the  funnel  with  water  and  dried.  Yield 
10.3  g. 

Nitrile  of  o-etltoxypheiiylamide  of  thiooxalic  acid.  To  a  solution  of  4  g  of  o-ethoxyphenyl  mustard  oil  in 
10  ml  of  alcohol  was  added  3  ml  of  acetone  cyanohydrin  and  1  g  of  sodium  hydroxide  diluted  with  10  ml  of 
water.  The  mixture  was  periodically  shaken  until  the  ntusiard  oil  had  completely  dissolved  after  separation  on 
addition  of  the  aqueous  alkali.  During  this  operation  die  color  gradually  changed  to  light- brown.  Tlie  mixture 
was  left  until  the  next  day.  Tlte  solution  was  then  filtered,  diluted  with  water  and  acidified  witli  hydrochloric 
acid.  Dilution  with  water  caused  turbidity;  acidification  brought  down  a  yellow  precipitate  which  was  filtered 
off,  washed  with  water  and  dried.  Nitriles  listed  in  Table  1  as  Nos.  3,  5,  6,  7,  8,  11,  and  12  were  prepared  under 
similar  conditions. 

o-Isobutoxyphcnyldithiooxamide.  The  nitrile  of  o-isobutoxyphenylamide  of  thiooxalic  acid  (3.5  g)  was 
dissolved  in  25  ml  of  dilute  alcohol  (20  ml  of  alcohol  mixed  witli  5  ml  of  water)  and  gaseous  ammonia  was 
passed  duough  and  then  a  stream  of  hydrogen  sulfide.  Saturation  widt  hydrogen  sulfide  was  followed  by  separation 
of  an  oil.  Tlie  reaction  mixture  was  diluted  widi  a  little  water  and  acidified  with  hydrochloric  acid.  Tlie  re¬ 
sulting  crystals  (permeated  with  oil)  were  filtered  off,  washed  widt  water  and  recrystallized  from  alcohol.  Yield 
0.9  g.  Bright-red  crystals.  With  exception  of  No.  12,  the  alkoxy  derivatives  listed  in  Table  2  were  prepared  in 
similar  fashion. 

o-lsoamyloxypheiiyldithiooxamide.  o-Isoamyloxyphcnyl  mustard  oil  (0.7  g)  was  dissolved  in  5  ml  of 
alcohol  aiuf  to  die  solution  were  added  0.5  ml  of  acetone  cyanohydrin  and  0.2  g  of  sodium  hydroxide  in  5  ml 
of  water.  The  mustard  oil  separated  when  die  alkali  solution  was  added  but  gradually  redlssolved  after  periodic 
shaking  for  3-4  hours.  The  mixture  was  left  until  die  next  day.  The  mixture  was  then  filtered  and  the  filtrate 
saturated  widt  hydrogen  sulfide.  During  passage  of  the  hydrogen  sulfide  die  color  changed  from  light-brown  to 
yellow-red  and  an  oily  substance  came  out.  More  complete  separation  of  die  product  was  effected  by  addition 
of  water.  The  upper  aqueous  alcoholic  solution  was  poured  off  and  die  oil  extracted  widi  ether.  The  extract 
was  dried  widi  calcined  sodium  sulfate  and  filtered;  die  solvent  was  removed  in  vacuo.  Cooling  of  the  residue 
in  iced  water  caused  it  to  crystallize  in  die  form  of  red  needles  which  were  filtered  from  oil,  washed  widi  a 
little  alcohol  and  dried.  Yield  0.25  g. 

S  UMMARY 

1.  Reaction  of  alkoxy- substituted  phenyl  mustard  oils  widi  acetone  cyanohydrin  or  with  sodium  cyanide 
in  an  alcoholic  medium  gave  twelve  new  alkoxy- substituted  nitriles  of  thiooxanilic  acid. 

2.  Saturation  of  alcoholic  solutions  of  the  nitriles  with  gaseous  ammonia  and  dien  with  hydrogen  sulfide 
gave  twelve  alkoxy-substituted  N-phenyldidiiooxamides. 

3.  The  absorption  spectra  of  some  of  die  synthesized  compounds  were  plotted. 
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REACTIONS  OF  HALOMETAL  ALCOHOLATES 

VII.  INTERACTION  OF  HALOMAGNESIUM  CARBINOLATES  OF  TERTIARY  ALCOHOLS 
WITH  ESTERS 

I.  I.  Lapkin  and  M.  N.  Rybakova 
Perm  State  University 

Translated  from  Zhurnal  Obshchei  Khiinii,  Vol.  30,  No.  4,  pp,  1227-1230,  April,  1960 
Original  article  submitted  Mareh  2,  1959 


Halomagnesium  alcoholates  of  alcohols  ate  known  to  be  the  end  products  of  tlie  reaction  between  otgano- 
magnesium  compounds  and  aldehydes,  ketones,  esters  and  chlorides  of  carboxylic  acids.  In  some  cases,  however, 
these  reactions  lead  to  formation  of  unsaturated  compounds.  Splitting- off  of  part  of  tlie  water  is  most  frequently 
observed  in  the  synthesis  of  tertiary  alcohols  and  less  often  in  the  syntliesis  of  secondary  and  primary  alcohols. 
Examination  of  the  conditions  of  all  these  reactions  shows  tliat  unsaturated  compounds  are  formed  most  frequently 
when  alkylinagnesium  iodides  or  arylmagnesium  iodides  are  taken  as  the  organomagnesiuni  compounds.  The 
iodo  compounds  are  unstable  and  liberate  iodine  which  is  known  to  be  a  dehydrating  agent  for  tertiary  alcohols 
[1-3J. 

Conversion  of  halomagnesium  alcoholates  into  unsaturated  hydrocarbons  goes  even  better  in  presence  of 
one  excess  mole  of  the  alkylmagnesium  iodide  and  with  heating  at  100'  for  6  hours  [4].  Unsaturated  compounds 
are  formed  instead  of  alcohols  if  the  reaction  products,  without  their  decomposition  witli  water  and  acids, are 
directly  distilled  in  vacuo  [5j.  Unsaturated  compounds  containing  phenyl  radicals  are  easily  formed  instead  of 
secondary  and  tertiary  alcohols  if  the  para  position  of  this  radical  contains  a  hydroxy  [6j,  alkoxy  [7J  or  dialkyl- 
amino  group  [8-lOj.  Finally,  dehydration  of  alcohols  witli  formation  of  unsaturated  hydrocarbons  is  also  observed 
in  some  reactions  of  organomagnesiuni  compounds  witli  acid  chlorides  [11-12], 

Judging  by  all  tliese  examples,  dehydration  occurs  only  under  special  conditions.  It  appears  that  halo¬ 
magnesium  alcoholates  (even  tertiary)  are  relatively  stable  compounds;  formation  of  unsaturated  hydrocarbons 
instead  of  alcohols  must  be  due  to  an  excess  of  one  component  which  reacts  with  the  alcoholate  as  formed  and 
lowers  its  stability.  For  example,  an  excess  of  ethyl  formate  in  its  reaction  with  arylmagnesium  halides  com¬ 
pletely  changes  tlie  character  of  the  end  product  (diarylmethyl  halide  is  formed  instead  of  diarylcarbinol).  The 
reaction  course  is  also  altered  by  esters  of  such  acids  as  oxalic,  malonic,  succinic  and  sulfuric  [13j. 

The  fact  that  excess  of  one  component  or  deliberate  introduction  of  a  third  component  can  change  the 
direction  of  the  organomagnesium  reaction  was  exploited  by  us  for  regulation  of  the  reaction  of  ketones  with 
organomagnesium  compounds  with  the  objective  of  obtaining  unsaturated  hydrocarbons  in  place  of  alcohols. 

As  tile  third  component  we  selected  ethyl  formate  (also  ethyl  oxalate).  The  resulting  unsaturated  hydrocarbons 
were  slightly  contaminated  with  starting  substances  that  masked  the  reaction  course. 

Studies  were  also  made  of  the  reactions  of  halomagnesium  carbinolates,  prepared  from  pure  carbinols  and 
etiiyl  formate,  with  the  aim  of  obtaining  an  accurate  picture  of  the  reaction  and  of  tlie  nature  of  the  resulting 
products. 

The  experimental  results  (see  table)  show  that  bromomagnesium  alcoholates  of  tertiary  aliphatic  and  fatty- 
aromatic  alcohols  are  converted  in  presence  of  equimolar  amounts  of  ethyl  formate  into  unsaturated  hydrocarbons 
and  in  part  into  bromides.  However,  in  presence  of  tlie  same  ester,  alcoholates  of  tertiary  alcohols  containing  two 
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Dimethyl- (2,5- dimcthylphenyO-carbinol.  Syntlieslzed  from  2,5-dimetltylphenylmagneslum  bromide 
and  acetone.  Yield  "(i0^o7~  Not  describedln  the  literature, 

B.  p.  145-14G*  (27  mm),  m.  p.  39*  (from  ligroine). 

Found '7o;  C  80.52;  H  9.95.  CuHigO.  Calculated  C  80.48;  H  9.76. 

Mcthylphenyl-o-tolylcarbinol.  Synthesized  from  o-tolylmagneslum  bromide  and  acetophenone.  Yield 
40%.  Not  described  in  the  literature. 

B.  p.  151-153*  (10  mm),  1.0447,  n^®D  1.5540,  MRo  65.09;  calc.  65.80. 

Found  %;  C  84.71;  H  7.55.  CjsHisO.  Calculated  %;  C  84.90;  11  7.54. 

Diisobutylphenylcarbinol.  Prepared  by  reaction  of  isobutylmagnesium  bromide  with  methyl  benzoate. 
Yield  75%.  Not  described  in  the  literature. 

B.p.  118-120*  (16  mm),  0.9312,  n*®D  1.4990,  MRp  69.42;  calc.  69.41. 

Found  %:  C  81.58;  H  10.89;  ai  7.40.  CisHajO.  CalciUated  %;  C  81.76;  H  10.98;  ai  7.70. 

SUMMARY 

1.  The  reaction  between  bromornagnesium  carbinolates  of  tertiary  alcohols  and  ethyl  formate  was  studied. 
It  was  established  tliat  the  main  products  of  tltc  reaction  are  unsaturated  hydrocarbons  with  bromides  as  secondary 
products. 

2.  The  results  of  die  investigation  can  be  utilized,  as  confirmed  experimentally,  for  regulation  of 
organomagnesium  reactions  widi  the  aim  of  obtaining  unsaturated  hydrocarbons  instead  of  tertiary  alcohols, 

3.  Tlie  mechanism  of  reaction  of  halomagnesium  alcoholates  of  tertiary  alcohols  with  esters  was  studied. 

4.  Some  new  fatty-aromatic  tertiary  alcohols  and  unsaturated  hydrocarbons  were  synthesized  and 
described. 
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INVESTIGATIONS  IN  THE  FIELD  OF  THIOINDIGOID  DYES 
IV.  MONONITRO-SUBSTITUTED  THIOINDIGOES 

N,  S.  Dokunikliiii  and  Yu.  E.  Gerasimenko 

K.  E.  Voroshilov  Scientific  Research  Institute  for  Intermediates  and  Dyes,  Moscow 
Translated  from  Zhurnal  Obshchei  Kliimii,  Vol.  30,  No.  4,  pp.  1231-1233,  April,  1960 
Original  article  submitted  April  13,  1959 


In  connection  witlt  our  understanding  of  the  rules  governing  the  color  of  thioindigoid  dyes,  it  was  of  interest 
to  compare  tlte  colors  of  monosubstituted  thioindigocs  witli  those  of  the  corresponding  disubstituted  and  the  un- 
substituted  dyes.  Monochloro-,  monomethyl-  and  monocthoxytliioindigo  have  been  described  [1]  but  the  colors 
were  not  compared. 

We  syniltcsized  5-  and  G-mononitrothloindigo  and  measured  the  absorption  spectra  of  their  solutions  in 
benzene,  nie  dyes  were  prepared  by  condensation  of  the  corresponding  nitroacetoxytliionaphthenes  [2J  with 
thionaphthcnequinonc-2-(p-dimet]iylamino)anll  in  acetic  acid  in  presence  of  piperidine;  tliey  were  also  pra- 
pared  by  condensation  under  die  same  conditions  of  3-hydroxythionaphthene  with  the  corresponding  nitrothio- 
naphthenequinonc-  2-(p-dimcthylamino)aniIs. 


Nitrothionaphthenequinone-2-(p-dimethyIamino)anils  are  formed  by  interaction  of  nitroacetoxythio- 
naphthenes  and  p-nitrosodimethylaniline  in  aqueous  sodium  carbonate. 


OjN 


OjN 


The  nltroacetoxythionaphthenes  entering  into  reaction  with  thlona.phthenequlnone-2-(p-dlmethylamino)anil 
and  with  p-nitrosodimethylaniline  manifest  the  same  reactivity  as  3- hydroxy thlonaphthene  and  its  substituted 
derivatives. 

The  absorption  maxima  of  solutions  of  mononitro- substituted  thioindigoes  in  benzene  are  presented  in  the 

table. 


The  shift  of  die  absorption  maximum  of  mononitrothioindigo  in  relation  to  die  unsubstituted  dye  (A  \) 
is  equal  to  the  shift  of  the  absorption  maximum  of  each  nitro  group  in  the  corresponding  dinitro  derivative 
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We  previously  reported  the  absorption  maxima  of  dinitro  derivatives  of  thiolndigo  [2], 


Prep. 

No. 

Name  of  dye  j 

^niax 

•max  ’ 

iX 

AX' 

2 

AX-i^ 

1 

5“Nitrolhioindigo 

1 

540 

1.6 

-15 

-16 

f-11 

2 

6-Nitrothioindigo 

561 

1.8 

-1-16 

4-11 

-1-5 

Unlike  the  unsymmeirical  cyanine  dyes,  whose  absorption  maxima  ate  shifted  in  the  direction  of  the  short¬ 
wave  region  relative  to  the  aritlimetlc  mean  of  tlie  absorption  maxima  of  the  corresponding  symmetrical  dyes 
[3,  4J,  tlie  color  of  mononiiro  derivatives  of  thioindigo  is  deeper  dian  it  would  be  if  die  nltro  group  in  mono- 
nitroUiioindigo  had  the  same  influence  on  color  as  each  niiro  group  in  die  corresponding  dinitro  dyes. 

EXPERIMENTAL 

5- Nitrothionaphthenequinone-  2- (p-  dimethy larnino)anil .  To  a  solution  of  b  g  of  anhydrous  sodium  car¬ 
bonate  in  400  ml  of  water  were  added  6.0  g  of  finely  pulverized  5-nitro-3-acetoxydiionaphihcne  and  4.0  g  of 
p-nitrosodimethylaniline.  The  mixture  was  heated  to  70*  in  an  hour  wldi  stirring,  and  stirred  at  this  temperature 
for  3  hours.  The  product  was  filtered  widiout  cooling  and  dioroughly  wa.-hed  widi  hot  water.  Yield  7.15  g 
(86.5%).  Crystallization  from  chlorobenzene  gave  dark  crystals  with  a  bronzy  luster;  m.  p.  265-266*  (with 
decomp.). 

Found  %:  N  12.75,  12.53;  S  9.75,  9.94.  CjcHijOaNgS.  Calculated  %:  N  12.83;  S  9.80. 

G-Nitroihionapluhencquinone-2-(p-dlmcthyl.'imino)anil.  To  a  solution  of  5  g  of  anhydrous  sodium  car¬ 
bonate  in  400  ml  of  water  were  added  5.0  g  of  well- pulverized  6-nitro-3-acetoxyihionaplithene  and  3.6  g  of 
p-nltrosodimetliylanilinc.  The  mixture  was  heated  to  80*  wiili  stirring  and  stirred  for  3  hours.  The  reaction 
product  was  filtered  and  washed  widi  hot  water.  Yield  5.6  g  (81%).  Nearly  black  crystals  were  obtained  by 
crystallization  from  chlorobenzene;  m.  p.  258-259*  (decomp.). 

Found  %:  N  12.55,  12.50;  S  10.09,  10.13.  C16II13O3N3S.  Calculated  %:  N  12.83;  S  9.80. 

5- Nitroiliioindigo.  A  mixture  of  0.38  g  of  3-hydroxytliionaphthcnc,  0.82  g  of  5-nitroihionaphthcne-2- 
(p-dlmethylarnino)anil,  15  ml  of  acetic  acid  and  0.25  ml  of  piperidine  was  refluxed  for  2  hours.  After  cooling, 
tlie  dye  was  filtered  off  and  washed  with  hot  alcohol.  Fine,  red  crystals,  yield  0.79  g  (93%).  Crystallization 
from  nitrobenzene  gave  dark- red  crystals  with  m.  p.  380-385*  (decomp.). 

Found  %;  N  4.35,  4.32;  S  18.73,  18.92.  Cicl^Q^NSz.  Calculated  %:  N  4.10;  S  18.79. 

A  mixture  of  1.2  g  of  5-nitro-3-acetoxythionaphthene,  1.4  g  of  thionaphthenequinonc-2-(p-dimethyl- 
amino)anil,  25  ml  of  acetic  acid  and  0.5  ml  of  piperidine  was  boiled  for  2  hours.  The  product  was  worked  up 
as  above.  Yield  of  dye  1.35  g  (79.5%). 

6- Nitrotliioindigo.  By  the  same  procedure  as  above,  0.38  g  of  3-hydroxythionaphthene  and  0.82  g  of 
6-nltroiliionaphthenequinone-2-(p-dimetliylamino)anil  gave  0.78  g  (91.5%)  of  dye  in  the  form  of  dark-red 
powder.  Crystallization  from  nitrobenzene  gave  dark- red  crystals  witli  m.  p.  355-360*  (decomp.). 

Found  %>:  N  4.30,  4.34;  S  18.30,  18.45.  C16H7O4NS2.  Calculated  %:  N  4.10;  S  18.79. 

From  1.2  g  of  6-nitto-3-acctoxythionaphthene  and  1.4  g  of  tlrionaphthenequinone-2-(p-dimethylamlno)anil 
was  obtained  (same  procedure  as  for  5-nitrotluoindigo)  1.35  g  (79.5%)  of  6-nitrotlrioindigo. 

SUMMARY 

1.  5-  and  G-Mononitrotliioindigo  were  synthesized  and  tlie  absorption  spectra  of  tltelr  solutions  in  benzene 
were  measured. 
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2.  The  color  of  mononitrothioindigoes  was  compared  with  that  of  the  corresponding  dinltro  derivatives 
and  unsubstituted  thioindigo. 
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AMIDATION  OF  SOME  COMPOUNDS  OF  TRIVALENT  PHOSPHORUS 


K.  A,  Petrov  and  O.  S.  Urbans kaya 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1233-1238,  Aprfl,  1960 
Original  article  submitted  April  27,  1959 


Acid  phosphites,  like  neutral  phosphites,  are  known  to  enter  into  the  Arbuzov  reaction  with  various  com¬ 
pounds  such  as  alkyl  hypochlorites  [Ij,  sulfenyl  clilorides  12J  and  chloroamincs  [3J,  to  give, respectively, trialkyl 
phosphates,  O-dialkyl-S-alkyl  phosphates  and  dialkylamides  of  dialky Iphosphoric  acid.  Tliese  reactions,  like 
numerous  reactions  of  neutral  esters  of  phosphorous  and  phosphinous  acids  [4j,  arc  governed  by  the  ability  of 
trivalent  phosphorus  to  add  on  to  various  substances  with  formation  of  intermediate,  usually  unstable,  products 
with  onium  structure  which  are  transformed  into  diverse  compounds  of  pentavalent  phosphorus. 

llic  aim  of  the  present  work  was  to  study  reactions  of  chloramide  with  compounds  of  the  type  of 


that  could  lead  to  a  new  inetliod  of  synthesis  of  amides  of  phosphoric  and  phosphinic  acids.  Direct  amidation  of 
compounds  of  trivalent  phosphorus  can  prove  useful  for  preparation  of  substances  containing  a  phosphamido  group 
which  (like  tlic  sulfamido  group)  can  endow  compounds  widi  pharmacological  properties. 

Compounds  brought  into  reaction  with  chloramide  were  di-n- butyl,  diisoamyl  and  di-n-hexyl  phosphites, 
monoisoamylphcnyl  phosphonitc,  and  diphenylphosphinous  acid.  It  was  found  tliat  best  results  are  obtained  if  an 
aqueous  solution  of  chloramide  is  stirred  into  the  cooled  compounds  of  trivalent  phosphorus  (reaction  mixture 
at  a  temperature  of  -  5  to  +  30*).  Under  these  conditions  tlie  reaction  goes  witli  formation  mainly  of  phos- 
phamide. 


^POll  -f  ClNlIj  — >  4-  IlCl 

The  reverse  order  of  mixing  of  reactions  or  a  higher  reaction  temperature  leads  to  formation  in  appreciable 
amounts,  and  sometimes  as  the  main  product,  of  acid  phosphates,  phosphenates  and  phosphinic  acids. 


NlljCl - >  CI2 


^POH 

'  non" 


0 

Oil 


Onium  products  of  addition  of  chloramide  to  trivalent  phosphorus  could  not  be  detected  under  the  above 
conditions  of  syntliesis  due  to  the  ease  of  tlieir  breakdown  witli  water  [3]. 

Compounds  prepared  by  this  route  were  di-n-butyl,  diisoamyl  and  di-n-hexyl  amidophosphates,  pentoxy- 
amidophenyl  phosphonate  and  amidodiphenyl  phosphonate.  The  first  three  substances  ate  liquids  tliat  distill  in 
vacuo.  Di-n-hexyl  amidophosphate  partly  decomposes  during  distillation  in  vacuo  (0.23  mm),  and  analysis 


1256 


shows  tliat  it  becomes  less  pure  tlian  before  distillation.  Tlie  last  two  substances  form  colorless  crystals.  Pentoxy- 
amidophenyl  pliosplionate  is  soluble  in  all  common  organic  solvents  except  heptane;  amidodiphenyl  phosphonate 
is  readily  soluble  in  polar  solvents  and  poorly  soluble  in  nonpolar  solvents.  All  tlic  above  compounds,  except 
diisoamyl  atnidophosphatc,  were  also  prepared  by  the  usual  metliod. 

\roii  Vr/” 

/  ^  X'l  ^  ^NUa 

In  tills  case,  however,  tlie  amide  of  pentoxyphenylphosphiuic  acid  is  obtained  in  a  less  pure  form,  and  the  amide 
of  diphenylphospliinic  acid  in  lower  yield  than  by  tlie  method  of  direct  amidation.  At  the  same  time  it  should  be 
noted  that  direct  amidation  cannot  always  be  recommended  for  the  synthesis  of  phosphamides.  For  example, 
N-dicthy lamidodibutyl-  and  M-diethylamidodiamylphosphates  are  obtained  in  admixture  with  difficultly 
separable  impurities  and  in  lower  yields  tlian  by  tlie  method  of  replacement  of  tlie  chlorine  in  tlie  respective 
chlorophosphates  by  the  diethylamide  group. 

Structural  formulas  and  yields  of  substances  not  described  in  the  literature  are  set  forth  in  the  table. 


Prep.  1 

No  i 

Formtila  of  compound! 
prepared 

Reactants 

Yield 
(in  %) 

(I) 

n  .0  1 

n  -C,ll,0^  ^Nll,  1 

(C.11,0),I'0H 

NH,C1 

62 

(11) 

ISO  1 

iso  -tjiiiiO  1 

(C,n„o),POii 

NH,(1 

70 

(111) 

n  ^Nn,  i 

(C,ii„0),ro)i 

Nn,ci 

82  * •• 

56 

(IV) 

1 

1 

lSO*Cjll||0\^  1 

C  Nil,  j 

1 

c,ii5r(or.n„)on 
Nil, Cl 

reiurtocdi.iioii 

so,ri. 

Ml. 

65 

60 

(V) 

0\ 

(C.no.roii 

Nil, Cl 

(r,ii,,),roH 

so,ri, 

NH, 

47  *• 

32 

(VI) 

11  ■C4HoO>^  ^0  ( 

n  -C.II.O^  ^N(C,IU),  \ 

(C,I1.0),P(0)C1 

NH(C,H,), 

83 

(Vll) 

iso-C,li,,u>^  ,0  j 

ISO-C.H.iO^  ^N(C,H.),  1 

(C,11„0),P(0)CI 

N11(C,H.), 

74 

(VIII) 

n  j 

n  -c,ii„o/^^ci  1 

(C,11„0),P0H 

S0,C1, 

79 

(IX) 

iso-C,lli,Ov  r 

\ _ /  1 

C.ll.PCl, 

CiH„OH 

64 

•  Before  distillation. 

••  Diphenylphospliinic  acid  was  obtained  at  the  same  time  In 
35^70  yield. 
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EXPERIMENTAL 


1.  Sjriithcsis  of  di-n-butylamidopliosphatc  (l).  a)  To  12  g  of  di-n-butyl  phosphite  witli  stirring  and 
cooling  was  added  a  freshly  prepared  solution  of  n.8  g  of  chlorainide**  in  the  course  of  an  hour  in  15-20  ml 
portions.  Ttie  temperature  of  the  reaction  mixture  rose  after  addition  of  the  first  portion  (from  -  5  to  +25*) 
and  hardly  changed  subsequently.  The  reaction  mass  was  tlien  stirred  for  2  hours  without  cooling,  and  the 
temperature  rose  to  10*  above  room  temperature.  Tlie  product  was  extracted  witli  etlier.  Tiie  ethereal  solution 
was  washed  with  a  little  10%  NaOH  and  tlien  with  water  until  neutral.  It  was  dried  with  MgSO^  and  fractionated 
to  give  8  g  of  dibutyl  amidophosphatc. 

B.  p.  172-174*  (8  mm),  123-126*  (0.2  mm),  n^D  1.4353,  d%  1.0363. 

Found  %:  N  6.68.  CgllzoOgNP.  Calculated  %;  N  6.69. 

Acidification  of  tlie  aqueous  solution  followed  by  ether  extraction  yielded  1.7  g  of  dibutyl  phosphate. 

b)  To  an  aqueous  solution  of  2.6  g  of  chloramide  was  added  8  g  of  dibutyl  phosphite  in  the  course  of 
0.5  hour  under  the  conditions  of  Expt.  la.  There  was  obtained  1.2  g  (14%)  of  dibutyl  amidophosphate  and 
3.9  g  (45%)  of  dibutylphosphoric  acid. 

c)  An  aqueous  solution  of  7.4  g  of  chloramide  was  added  to  22.5  g  of  dibutyl  phosphite  under  the  conditions 
of  la  with  the  sole  difference  that  after  addition  of  tlie  cliloramide  the  temperature  of  tlie  reaction  mixture  rose 
spontaneously  to  40*.  There  were  obtained  3.6  g  (17%)  of  dibutyl  amidophosphatc  and  12  g  (49%)  of  dibutyl¬ 
phosphoric  acid. 

d)  Dibutyl  chlorophosphate  (16  g)  was  dissolved  in  two  volumes  of  ether  and  saturated  (cooling)  with  dry 
ammonia.  Tlie  ctliercal  solution  was  freed  of  ammonium  chloride,  washed  with  water  and  dried.  The  dibutyl 
amidophosphate  distilled  over  at  182-185*  (13  mm)  in  the  amount  of  7.2  g  (49.3%). 

2.  Synthesis  of  diisoamyl  amidophosphate  (11).  Reaction  was  effected  as  in  Expt.  la  but  was  accompanied 
by  less  liberation  of  heat.  From  14.1  g  of  diisoamyl  phosphite  and  4  g  of  chloramide,  dissolved  in  86  ml  of  water, 
was  obtained  14.1  g  of  diisoamyl  amidophosphate. 

B.  p.  142-143*  (0.2  mm),  n^D  1.4392,  d^4  1.0061. 

Found  %:  N  5.99;  P  12.93.  Cj^HaiOgNP.  Calculated  %:  N  5.91:  P  13.08. 

From  tlie  aqueous  solution  was  isolated  0.8  g  of  diisoamylphosphoric  acid. 

3.  Synthesis  of  di-n-hexyl  amidophosohate  (111),  a)  An  aqueous  solution  of  5.8  g  of  chloramide  was 
quickly  added  with  stirring  and  cooling  to  20  g  of  dihexyl  phosphite.  The  temperature  of  the  solution  during 
addition  rose  from  —  1  to  +3*.  The  reaction  mass  was  subsequently  stirred  without  cooling  for  3.5  hours,  and 
its  temperature  rose  to  29*  before  slowly  falling  to  room  temperature  (20*).  The  reaction  product  was  extracted 
with  ether  and  the  extract  washed  with  concentrated  sulfuric  acid,  then  with  water  until  neutral,  and  dried  witli 
MgS04.  Removal  of  the  ether  in  vacuo  left  17.45  g  of  dihexyl  amidophosphate  (n^D  1.4462,  d^®4  1.00537). 

The  reaction  product  distilled  over  in  presence  of  potassium  carbonate,  witli  slight  decomposition,  at  168-169* 
(0.23  mm)  in  die  amount  of  11.87  g  (n^^D  1.4452,  d\  0.9955). 

Found  for  die  undistilled  substance  %:  N  5.36;  P  11.4.  Found  for  the  distilled  substance  %;  N  5.04; 

P  10.99.  Calculated  %:  N  5.28;  P  11.7. 

From  die  aqueous  solution  was  isolated  1.0  g  of  dihexylphosphoric  acid. 

•  With  participation  of  G.  V,  Gubin,  V,  M.  Budanov,  V.  I.  Teslin,  and  V.  M.  Portinov. 

••  Prepared  by  the  procedure  of  [5J  with  the  following  modifications;  To  a  prepared  solution  of  hypochlorite 
was  added  50  ml  of  40%  NaOlI;  before  the  start  of  the  reaction  4-5  ml  of  concentrated  ammonia  (or  40-50  ml 
of  0.5  M  solution)  was  run  into  the  receiver;  a  vacuum  of  25-30  mm  was  maintained  in  the  system  during  the 
synthesis;  the  water  bath  temperature  was  45-50*;  the  receiver  was  cooled  with  a  mixture  of  ice  and  salt. 
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b)  Dl-n-hexyl  chlorophosphate  (VIII)  was  prepared  by  addition  of  8.1  g  of  sulfuryl  chloride  to  15  g  of 
dl-n-hcxyl  phospiiatc  in  ilic  course  of  0.5  hour  with  ice  cooling  and  with  passage  of  dry  air.  After  2  hours' 
blowing  with  air,  at  room  temperature,  the  mixture  was  distilled  to  give  13.5  g  of  di-n-hexyl  chlorophosphate. 

B.  p.  165-16G*  (8  mm),  n^^D  1.4381,  d^®^  1.0118. 

Found ‘7o:  Cl  12.3.  CizHjgOaPCl.  Calculated Cl  12.48. 

Under  the  conditions  of  Expt.  Id,  7.1  g  of  di-ii-hexyl  chlorophosphate  yielded  3.3  g  (50%)  of  dl-n-hexyl 
.imioophosphate  with  b.  p.  167-169*  (0.3  mm). 

4.  Synthesis  of  pentoxyarr.idophenyl  phosphonate  (IV).  Monoisoamylphenyl  phosphonite  (IX)  was  prepared 
by  addition  of  27  g  of  piienyldiclilorophosphinc  (dissolved  in  an  equal  volume  of  absolute  ether)  to  a  mixture 
of  40  g  of  isoamyl  alcohol,  15.2  g  of  triethylamine  and  15  ml  of  etlter  with  stirring  at  a  temperature  of  —  8  to 
+  7*.  The  reaction  mass  was  then  stirred  for  2  hours  at  room  temperature,  freed  of  hydrochloride  and  distilled 
to  give  20.4  g  of  isoamylpheuyl  phosphonite  witli  b.  p.  138- 139*  (3  mm),  n^®D  1.5055,  d^°4  1.0502. 

Found  %:  P  14.18.  CnH^OjP.  Calculated  %;  P  14.62. 

Tlie  substance  decomposed  when  kept.  Synthesis  and  distillation  were  performed  in  a  carbon  dioxide 
atmosphere. 

Pentoxyamidophenyl  phosphonate  was  prepared  by  the  two  routes  described  above,  a)  To  10.6  g  of 
monoisoamylphenyl  phosphonate  was  added,  widt  eooling  and  stirring,  a  solution  of  3.8  g  of  chloramide  in 
150  ml  of  water.  The  temperature  of  the  reaction  mixture  rose  from  —  3  to  +4*.  The  reaction  mass  was 
tlien  stirred  for  3.5  hours  vitliOut  cooling,  and  its  temperature  rose  to  6  *  above  room  temperature.  Tlic  solid 
reaction  product  was  washed  widi  concentrated  ammonia,  then  with  water  and  dried.  The  resulting  pentoxy- 
amidophenyl  phosphonate  (7.4  g)  was  a  yellowish  powder  with  m.  p.  68-74*,  readily  soluble  in  alcohols,  ether, 
dioxanc,  ethyl  acetate,  ehloroform,  carbon  tetrachloride,  acetone  and  benzene;  poorly  soluble  in  water  and  very 
poorly  in  heptane.  M.  p.  76*  after  two  rcerystallizations  from  heptane. 

Found  %:  N  6.28;  P  13.56.  CuIIiaOjNP.  Calculated  %:  N  6.17;  P  13.66. 

From  die  aqueous  ammoniacal  solution  was  isolated  0.6  g  of  pentoxyphenylphosphonlc  acid, 

b)  To  10.6  g  of  monoisoamylphenyl  phosphonate  was  added  6.75  g  of  sulfuryl  chloride  in  the  course  of 
0.5  hour  while  a  stream  of  dry  carbon  dioxide  was  passed  dirough  and  the  temperature  was  held  at  5-15*.  After 
being  heated  for  2  hours  at  35-40* ,  the  reaction  mass  was  kept  in  vacuo  for  2  hours.  The  resulting  chloro- 
phosphonate  (a  colorless  liquid)  was  diluted  with  an  equal  volume  of  ether  and  saturated  with  dry  ammonia 
(with  cooling).  After  the  ammonium  chloride  had  been  separated,  the  edict  was  driven  off  and  the  solid  residue 
washed  widi  heptane.  Yield  6.8  g  of  amide  widi  m.  p.  50-56*.  After  four  rectystalllzations  from  heptane, 
pentoxyamidophenyl  phosphonate  melted  at  75-76*. 

Found  %:  N  6.50;  P  13.21.  CuHigOzNP.  Calculated  %;  N  6.17;  P  13.66. 

5.  Syndiesis  of  amidndinhenyl  phosphonate  (V).  a)  To  21.1  g  of  diphenylphosphlnous  acid  in  solution 

in  25  ml  of  benzene  was  added  a  solution  of  7.5  g  of  chloramide  in  170  ml  of  water.  The  procedure  was  similar 
to  that  of  Expt.  la  except  diat  stirring  without  cooling  was  continued  for  4  hours,  and  die  temperature  of  the 
reaction  mass  rose  to  5“  above  room  temperature.  The  reaction  product  was  separated,  washed  widi  ammonia 
and  dien  with  water  and  dried.  Tlie  amidodiphenyl  phosphonate  (10.8  g)  melted  at  146-150*.  Readily  soluble 
in  alcohol,  acetone,  ethyl  acetate  and  chloroform,  less  soluble  in  water,  poorly  soluble  in  benzene,  ether  and 
carbon  tetrachloride.  The  pure  compound  had  m.  p.  160-161*  (from  benzene). 

Found  %:  P  14.31;  N  6.47.  qall^jOgNP.  Calculated  %:  P  14.29;  N  6.45. 

Acidification  of  the  aqueous  solution  yielded  8  g  of  diphenylphosphinic  acid  with  m.  p.  92*  (from  alcohol). 

b)  To  10.1  g  of  diphenylphosphlnous  acid  dissolved  in  the  minimum  amount  of  dry  benzene  was  added 
(widi  shaking)  6.75  g  of  sulfuryl  chloride  in  an  equal  volume  of  benzene  at  a  speed  ensuring  a  temperature  of 
die  reaction  mass  of  35-40*.  The  resulting  precipitate  dissolved  toward  the  end  of  die  addition.  After  heating 
for  an  hour  at  35-40*,  die  reaction  mixture  was  kept  in  vacuo  for  3  hours.  The  resulting  chlorophosphonate 
(diick  yellow  liquid)  was  diluted  with  two  volumes  of  benzene  and  saturated  with  dry  ammonia.  The  precipitate 
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was  collected  and  washed  witli  benzene  and  then  washed  thoroughly  with  water.  The  amidodiphenyl  phosphonate 
(2,35  g)  melted  at  158-lGO*;  after  recrystallization  from  benzene  (1,13  g)  it  melted  at  153-157*.  No  melting 
point  depression  in  admixture  with  the  amide  prepared  by  the  preceding  method. 

6.  Synthesis  of  N-dietliylamido-di-n-butyl  phosphate  (Vl).  a)  To  10  g  of  dlbutyl  phosphite  was  added 
an  ethereal  solution  of  diethylchloramide  at  such  a  rate  tliat  the  temperature  did  not  rise  above  35-40 *;\  the 
mixture  was  afterward  kept  at  tliat  temperature  for  2  hours.  The  ethereal  solution  was  freed  of  hydrochloride, 
washed  with  water,  alkali  (10'^?)  and  again  witli  water.  It  was  tlien  dried  and  fractionally  distilled.  Diethyl- 
amidodibutyl  phosphate  (2.4  g)  came  over  at  123-140*  (7  rnm).  Yield  18°7o, 

b)  To  dibutyl  chlorophosphate  (0.1  mole)  dissolved  in  dry  ether  was  added  diediylamlne  (0.2  mole)  over 
a  period  of  an  hour  with  stirring  and  cooling.  Tlie  reaction  mass  was  heated  for  1.5  hours  at  40-45*,  freed  of 
hydrochloride  and  etlier  and  fractionated.  Dietltylamido-di-n- butyl  phosphate  boiled  at  136-137*  (8  mm), 
n*D  1.4326,  d^4  0.9659. 

Found  <7o:  P  11.61;  N  5.48.  C12H28O3NP.  Calculated  P  11.69;  N  5.28. 

7.  Syntliesis  of  N-diethylamido-diisoamyl  phosphate  (VII).  a)  The  amidophosphate  was  obtained  by  the 
method  of  Expt.  6a  in  a  yield  of  20%;  b,  p.  140-150*  (8  mm). 

b)  Dietliylaniido- diisoamyl  phosphate  was  prepared  by  tlie  procedure  of  Expt.  6b;  b.  p.  144-146*  (8  mm); 
n*®D  1.4320;  d^^  0.9472. 

Found  P  11.08;  N  5.35.  CJ4H32O3NP.  Calculated  P  10.65;  N  4.78. 

SUMMARY 

1.  A  new  reaction  for  conversion  of  the  >  POH  grouping  into  the  phosphamido  group  was  studied. 

2.  Nine  conjpounds  not  previously  described  were  syntliesized, 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  4,  pp.  1238-1243,  April,  1960 
Original  article  submitted  March  9,  1959 


Brief  communications  have  recently  been  published  in  regard  to  the  possibility  of  direct  introduction  of 
iodine  into  position  21  ol  20-l<etosteroids  containing  a  A'^-S-keto-  unsaturated  grouping  [1-3J.  Preparation  of 
Rcichstein’s  substance  S  from  17  a-hyutoxyprogestcrone  [4],  of  desoxycorticosterone  acetate  from  progesterone 
L4l,  of  G- mcthylcortisone  [5J  and  oilier  compounds  by  direct  iodination  leads  to  a  reduction  in  tlie  number  of 
steps  in  the  synilicscs  of  these  preparations  and  presents  considerable  interest. 

Our  objective  was  tlie  conversion  of  3(a),  17(a)-diol-ll,20-dione  [6J  (I)  into  -17  (a)-pregnenol- 
3,1 1 ,20-trionc  (IV)  and  the  preparation  from  tlic  latter  of  cortisone  acetate  by  direct  iodination  in  position  21 
followed  by  replacement  of  the  halogen  by  the  acetoxy  group. 

Sarett  L7j  started  from  prcgnane-3(a),  17 (a)-diol- 11,20-dionc  (1)  in  the  synthesis  of  A^  - pregnen- 17(a)- 
ol-3,ll,20-trione  (IV).  He  oxidized  (1)  with  chromic  acid  in  acetic  acid  solution;  the  resulting  trione  was 
brominated  with  bromine  to  give  4-bromo-pregnan- 17  (a)-ol- 3,11,20- trione  (11)  which  was  subjected  to  de- 
hydrobromination  by  boiling  witli  pyridine.  In  a  later  work  [8J  the  oxidation  of  (1)  to  ptegnan-17(a)-3,ll,20- 
trionc  was  effected  wiili  N-broinosuccinimide  in  ten -butanol  in  presence  of  water  and  pyridine;  bromination 
and  dehydrobromination  with  formation  of  A"*  -prcgncn-17(a)-ol-3,ll,20-trione  (IV)  were  performed  under 
conditions  similar  to  those  of  Sarett,  and  die  yield  of  (IV)  from  the  bromoketone  was  53^70. 

The  synthesis  that  we  developed  made  use  of  die  method  of  Hershberg  and  co-workersfO]  of  simultaneous 
oxidation  and  bromination.  The  latter  oxidized  21-acetoxypregnane-3 (a),  17(a)-diol-ll,20-dione  widi 
N-bromosuccinimide  in  a  mixture  of  tert- butanol  and  methylene  chloride  and  obtained  4-btomo-21-acetoxy- 
pregnan-17(a)-ol-3,ll, 20- trione  as  die  main  product. 

We  therefore  performed  the  synthesis  of  cortisone  acetate  (VI)  from  pregnane- 3  (a),  17  (a)-diol- 11,20- 
dione  (I)  by  the  following  scheme. 

Simultaneous  oxidation  and  bromination  of  pregnane- 3  (a),  17(a)-diol-ll,20-dione  (I)  by  N-btomo- 
succinimide  in  methanol  in  presence  of  water  and  benzoyl  peroxide  gave  4-bromopregnan-17  (a)-ol-3,ll,20- 
trione  (II)  which  was  converted  via  die  semicarbazone  [6]  followed  by  treatment  widi  pyruvic  acid  [6,  10]  into 
A^- pregnen- 17  (a)-ol- 3, 11,20- trione  (IV).  We  also  effected  direct  transformation  of  (II)  into  (IV)  by  boiling 
die  bromoketone  in  dimediylformamide  widi  lidiium  salts  (11,  12];  however  the  yield  of  (IV)  and  its  melting 
point  were  then  very  much  lower.  Iodination  of  (IV)  wirli  excess  of  iodine  in  a  mixture  of  tetrahydrofuran  and 
methanol  in  presence  of  calcium  oxide  gave  the  21-iodo  derivative  (V).  The  latter,  widiout  isolation  in  the 
pure  state,  was  converted  into  cortisone  acetate  by  boiling  widi  potassium  acetate  in  acetone.  The  product 
satisfied  all  pharmacopeal  requirements  after  purification. 
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It  was  shown  tliat  performance  of  oxidation  and  bromination  of  the  epimer  of  (I)  -  pregnane- 3  ( S),  17(a)- 
diol-ll,20-dionc  (la)  -  previously  obtained  by  us  (13]  gave  one  and  the  same  product  (II).  However,  simultaneous 
oxidation  and  bromination  of  the  3 -epimer  goes  considerably  faster  and  gives  a  higher  yield  of  the  desired  product. 

EXPERIMENTA  L 

4-Bromoprcgnan-1 7  (o)-ol-ll,20-dione  (II).  a)  From  pregnane- 3  (o),  17(a)-diol-ll,20-dione  (1).  In  a 
flask  equipped  with  stirrer  and  mercury  seal,  thermometer  and  calcium  chloride  tube  were  placed  4  g  of  (l), 

33  ml  of  methanol,  3,23  g  of  bromosuccinimide,  11.4  ml  of  water  and  0.13  g  of  freshly  precipitated  benzoyl 
peroxide.  The  mixture  was  stirred  at  20-21“  for  G  hours,  after  which  the  reaction  vessel  was  irradiated  with  a 
23- watt  lamp  at  a  distance  of  20  cm.  After  20-30  minutes,  the  precipitate  slowly  began  to  dissolve  and  the 
reaction  mixture  turned  yellow.  A  deep-orange,  transparent  solution  was  formed  after  1 V2  -  2  hours;  tlie 
temperature  rose  spontaneously  to  2-1-24.3*  and  then  slowly  fell  to  room  temperature.  Stirring  was  stopped 
after  6  hours  and  the  reaction  mixture  was  stood  in  die  light  for  42  hours.  During  this  period  die  solution 
gradually  lost  its  color  and  ciy'stals  came  down.  The  latter  were  filtered  and  washed  first  with  a  few  milliliters 
of  aqueous  mcthanolic  sodium  bisulfate  and  then  with  cold  methanol  and  ether.  The  snow-white  crystals  were 
dried  in  a  vacuum- desiccator  over  sulfuric  acid  until  constant  in  weight  (3.8  g).  M.  p.  185.5-186*  (decomp.). 

The  mother  liquor  was  diluted  with  an  equal  amount  of  \^,o  sodium  bisulfate  solution  in  water  and  left  for  10 
hours  in  a  refrigerator  (+2“).  The  resulting  precipitate  was  filtered,  waslied  with  water  and  dried  in  vacuo  over 
sulfuric  acid.  Weight  of  substance  collected  0.85  g.  Two  recrystallizations  from  dichloroethane  gave  0,2  g  of 
substance  with  m.  p.  183*.  Total  yield  of  4-bromoprcgnan-17  ( cO-ol-3,ll,20-trione  4  g  (Sl'yo);  la|®D  +69.8* 

(  c  1,  chloroform). 

Found  <70;  Br  18.70,  18,93.  (:2iH2204Br.  Calculated Br  18.78. 

b)  From  p''cgnane-3(8 ),  17 (a)-diol-ll,20-dione  (la).  In  a  1.3  ml  flask  witli  a  ground-glass  stopper  were 
placed  -11.3  mg  of  (la),  34  mg  of  bromosuccinimide,  1.5  ml  of  benzoyl  peroxide,  0.4  ml  of  methanol  and 
0.03  ml  of  water.  Ihc  flask  was  placed  on  a  shaking  machine  and  tlie  contents  agitated  for  4  hours  at  room  tem¬ 
perature  (20  “)  wliilc  exposed  to  the  light  of  a  25- watt  electric  lamp.  The  solid  dissolved  witlrin  30  minutes  after 
the  start  of  the  reaction  and  die  solution  acquired  a  deep-red  color.  Ihe  color  nearly  disappeared  completely 
after  an  hour.  Stirring  was  stopped  after  4  hours;  0.03  ml  of  water  was  added  (while  the  mass  was  rubbed  with 
a  small  rod)  and  ilie  mixture  left  for  12  hours  to  crystallize.  The  resulting  crystals  were  filtered,  washed  widi 
0.1  ml  of  medianol  and  dried  in  a  vacuum-desiccator  over  sulfuric  acid.  Weight  of  crystals  47  mg  (93,2  <7o). 

After  one  recr^'stallization  from  dichloroethane  the  substance  melted  at  184’.  Comparison  of  the  infrared 
spectra  of  specimens  of  4-bromopregnan-17 (a)-oI-3, 11,20- trione  (11)  obtained  from  pregnane- 3 (a),  17(a)- 
diol-ll,20-dione  (I)  and  pregnane-  3(3),  17(a)-diol-ll,20-dione  (la)  showed  diem  to  be  completely  identical. 

3-Scmicarbazone  of  A'^-pregnen-  17(c')-ol-3,ll,20-tiione  (Ill).  To  3  g  of  (II)  were  added  156  ml  of  tert- 
butanol,  121  ml  of  anhydrous  ciiloroform  and  1  g  of  freshly  recrystal lized  free  semicarbazide.  The  flask  was 
purged  out  widi  carbon  dioxide  and  complete  solution  of  the  substances  was  effected  by  heating  to  40*  for  2-3 
minutes  on  a  water  bath.  The  solution  was  allowed  to  stand  for  2  hours  at  room  temperature  in  daylight.  The 
reaction  mass  quickly  turned  yellow  but  die  color  gradually  disappeared  in  the  course  of  10-15  minutes.  After 
2  hours  the  whole  of  the  solvent  was  taken  off  in  vacuo  in  a  nitrogen  stream  (bath  temperature  not  higher  than 
‘33-40").  To  die  dry  residue  was  added  104  ml  of  distilled  water,  die  air  in  the  flask  was  displaced  by  carbon 
dioxide,  and  die  mixture  was  left  in  a  refrigerator  at  +  2’  for  16  hours.  The  snow-white  solid  was  filtered, 
dioroughly  washed  with  water,  and  dried  in  a  vacuum-desiccator  over  phosphorus  pentoxide  at  room  temperature 
until  constant  in  weight  (2.83  g).  Yield  quantitative. 

A^-Pregncn-17  (a)- ol- 3,11,20- trione  (IV).  To  2.83  g  of  (111)  were  added  85.5  ml  of  glacial  acetic  acid, 
30.8  ml  of  water  and  7.5  ml  of  1.66  N  aqueous  pyruvic  acid,  Tire  flask  was  purged  out  widi  carbon  dioxide; 
the  solution  was  heated  on  a  water  bath  for  3  minutes  to  45*  and  stood  at  room  temperature  for  24  hours.  The 
solution,  containing  a  small  quantity  of  very  fine  crystals,  was  stirred  dropwise  into  550  ml  of  water  cooled  to 
0*.  The  white  crystals  were  filtered  off  and  washed  on  die  filter  with  a  few  milliliters  of  2‘7o  sodium  bicarbonate 
solution,  then  widi  water  until  neutral  to  litmus  and  finally  widi  cooled  methanol  and  ether.  The  product  was 
dried  in  vacuo  at  100*  until  constant  in  weight  (1.95  g).  After  two  recrystallizations  from  methanol  the  yield  of 
A"*- pregnen- 17 (a)- 01-3,11,20- trione  was  1.6  g  (66*70).  M.  p.  232.5-235*. 
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laj”D  +182“  (c  0.69,  CHCI3),  239  m;i  (log  e  4.19). 

CortLsonc  acetate  (VI).  To  a  solution  of  0.8  g  of  (IV)  in  a  mixture  of  9  ml  of  tctraliydrofuran  and  5.3  ml 
of  methanol  was  added  (in  one  portion)  1.2  g  of  iodine  and  1.2  g  of  pulverized  calcium  oxide.  The  mixture 
was  stirred  at  room  temperature  for  3  hours  15  minutes.  After  an  hour,  the  color  changed  from  dark-brown  to 
light- yellow.  The  mixture  was  then  stirred  into  125  ml  of  iced  water  acidified  with  5.2  ml  of  acetic  acid.  The 
calcium  oxide  dissolved  and  tlie  solution  turned  bright- ye  I  low.  The  reaction  product  was  extracted  (5  times) 
with  methylene  cliloride;  the  extract  was  washed  with  water  until  neutral  to  litmus  and  dried  witli  anhydrous 
sodiuiii  sulfate.  Tlic  sulfate  was  filtered  off  and  washed  with  dry  methylene  chloride.  The  solvent  was  com¬ 
pletely  driven  off  iti  vacuo  at  room  temperature.  The  resulting  21-iodopregnen-17(a)-ol-3,ll,20-trione  (V) 
was  dried  in  vacuo  for  an  hour  and  dissolved  in  125  ml  of  anhydrous  acetone.  To  the  solution  was  added  5  g 
of  fused  potassium  acetate  and  the  mixture  boiled  in  a  nitrogen  stream  witli  stirring  for  20  hours.  The  greater 
part  of  tlie  acetone  was  then  distilled  off  and  ilie  residue  was  stirred  into  250  ml  of  iced  water  containing  4  ml 
of  sodium  bisulfate.  After  half  an  hour  the  fine  yellow  crystals  were  filtered  off,  washed  witli  cold  water  and 
carefully  pressed  on  the  filter.  The  wet  precipitate  was  dissolved  in  30  ml  of  edianol,  boiled  with  0.3  g  of 
active  carbon  for  10  minutes  and  filtered  through  a  heated  funnel.  y\fter  standing  for  two  hours  at  room  tem¬ 
perature,  the  filtrate  deposited  small,  yellowish  needles  which  were  filtered,  washed  witli  cooled  ethanol  and 
rccrystallizcd  again  from  ethanol  and  then  from  acetone.  'File  product  was  dried  for  8  hours  at  100*  in  vacuo 
until  constant  in  weight.  There  was  obtained  0.2  g  of  cortisone  acetate.  M.  p.  236-239“;  E  393.8; 

[a]^D  +  182.3“  ( c  1,  acetone). 

The  infrared  spectrum  of  tlic  substance  was  identical  with  die  spectra  of  foreign  specimens  of  cortisone 
acetate  and  with  the  spectrum  of  a  preparation  obtained  from  the  All-Union  Scientific  Research  Institute  for 
Cliemical  Pharmaceutics. 

Tlie  mother  liquors  from  die  recrystallizations  of  die  main  bulk  of  cortisone  acetate  were  combined  and 
evaporated  in  vacuo  to  a  small  volume.  The  resulting  precipitate  was  filtered  off  and  recrystallized  to  give 
0.35  g  with  Ill.  p.  232-235“.  The  technical  cortisone  acetate  was  dissolved  in  150  ml  of  anhydrous  benzene, 
and  die  solution  chromatographed  on  20  g  of  "SKli"  adsorbent  and  eluted  with  benzene,  ether  and  acetone. 

From  the  acetone  fraction  was  isolated  0.2  g  of  cortisone  acetate  widi  m.  p.  241“;  E|cm  ^85. 4.  The  infrared 
spectrum  corresponded  to  drat  of  specimens  of  the  pure  preparation.  Total  yield  of  cortisone  acetate  0.4  g 
(43^0,  calculated  on  die  A*- pregnen- 17(a)- ol- 3,1 1,20- trione). 


SUMMARY 

1.  A  method  was  developed  for  simultaneous  oxidation  and  bromination  of  pregnane-3  (a),  17  (a)-diol- 
11,20-dione  to  give  4-bromopregnan- 17  (a)-ol-3, 11,20- trione. 

2.  It  was  shown  diat  oxidation  and  bromination  of  pregnane-3  (a),  17  (a)-diol-ll,20-dlone  and  of  its 
epimer  [pregnane- 3  (fi),  17  (a)-ll,20-dione]  with  bromosuccinimide  in  methanol  in  presence  of  benzoyl 
peroxide  leads  to  die  same  product  —  4-bromoprcgnan-17  (a)-ol-3,ll,20-trionc. 

3.  4-Bromopregnan-17 (a)-ol-3,ll,20-ttione  was  converted  via  die  semicarbazone,  followed  by  treatment 
of  the  latter  with  pyruvic  acid,  into  -pregnen-17  (a)-ol-3,ll,20-trione. 

Cortisone  acetate  was  obtained  from  A^-pregnen-17 (a)-ol-3,ll,20-trione  by  direct  iodination  of  the 
latter  in  position  21  followed  by  replacement  of  die  iodine  by  die  acetoxy  group. 
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Acyl  derivatives  of  arenesulfamides  are  widely  known  and  are  usually  synthesized  by  the  action  of  acid 
anhydrides  or  chlorides  on  arenesulfamides  [1],  Formyl  and  oxalyl  derivatives  of  arenesulfamides  were  recently 
obtained  [2]  by  the  action  of  esters  on  alkali  salts  of  sulfamides.  It  was  of  interest  to  ascertain  the  mode  of 
reaction  with  alkali  salts  of  arenesulfamides  of  esters  of  acids  containing  otlier  functional  groups. 

In  the  present  work  we  studied  reactions  of  alkali  salts  of  arenesulfamides  with  esters  of  acetoacetic  acid 
and  its  derivatives.  Reactants  were  benzene-,  p- chlorobenzene-  and  p-toluenesulfamides  and  esters  of  aceto- 
acetic  and  of  chloro-,  ethyl-,  dichloro-  and  diethylacctoacetic  acids.  It  was  found  tliat  a  mobile  hydrogen 
present  in  tlie  methylene  group  of  the  ester  participates  in  the  reaction  with  formation  of  tire  corresponding 
cnolate. 


ArSOaNIINa  -f  f.llgCOCM XCOOKt - ^ 

-ArSO.NII, 
X  =  H.  Cl,  c,n,. 


cM.,r~cxcooia 

I 

ONa 


In  the  absence  of  a  mobile  hydrogen  the  ester  grouping  enters  into  reaction: 


ArSOaNllNa  -l-CIlsfXlClzGOOKt  — ; - »•  ArS02N  IICOCCI2COCII3. 


The  reaction  medium  was  boiling  anhydrous  methanol.  The  product  could  not  be  isolated  pure  due  to  the 
ease  of  hydrolysis  in  neutral  and  alkaline  aqueous  media  with  formation  of  arenesulfamides: 


ArS02NllC0CGl2C0CIl3  - - v  ArSOiNHa 

^  ^  -Cll,COCCl,COOH  ^  ^ 

In  an  organic  acid  medium,  cleavage  proceeds  according  to  the  equation: 

ArSOaNHCOCCIaCOCIIs-f  non  - — - >  ArSOaN  MCOCHCla 

^  -CHjCOOIl 

Compounds  prepared  in  tliis  way  were  N-dichloroacetylbenzenesulfamide  (I),  N-dichloroacetyl-p-toluene- 
sulfamide  (II)  and  N-dichloroacetyl-p-chlorobenzenesulfamide  (111),  The  products  are  colorless,  crystalline 
substances,  soluble  in  hot  water  and  benzene;  tliey  titrate  as  one  equivalent  in  the  cold  in  presence  of  phenol- 
phthalein. 
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A  study  of  tlie  reaction  of  arenesulfamidcs  with  diethylacetoacetic  ester  showed  that  this  reaction  does 
not  take  place  eitlier  under  the  conditions  applied  for  dichloroacetoacetic  ester  or  at  higher  temperatures. 

EXPERIMENTAL 

Reaction  of  Na  salt  of  benzcnesulfamlde.  a)  With  acctoacetic  ester,  A  mixture  of  0.05  mole  of  the  Na 
salt  of  benzenesulfainide  (9  g),  0.05  mole  of  acetoacetic  ester  (16.5  g)  and  15  ml  of  metlianol  was  heated  for 
2  hours  on  a  water  batli.  At  tlie  close  of  reaction  the  alcohol  was  taken  off  in  vacuo  and  the  residue  treated  with 
chloroform,  llie  Insoluble  material  (7  g)  was  recry'Stallized  from  benzene.  No  melting  point  depression  in 
admixture  witli  bcnzenesulfamide.  The  chloroform  was  distilled  off  from  die  solution  in  vacuo  and  die  residue 
of  syrupy  liquid  was  acidified;  acetoacetic  ester  separated.  The  residue  titrated  with  acid. 

Found  M  160.  CcIItOjNS.  Calculated  M  152. 

b)  With  chloroacetoacetic  ester.  A  mixture  of  0.01  mole  of  the  Na  salt  of  benzenesulfamide  (1.79  g), 
0.01  mole  of  chloroacetoacetic  ester  (1.64  g)  and  15  ml  of  anliydrous  methanol  was  heated  on  a  water  bath 
for  4  hours,  llie  methanol  was  taken  off  in  vacuo  and  die  residue  treated  widi  chloroform.  The  insoluble 
portion  (1.2  g)  was  recrystallized  from  benzene.  A  mixture  with  bcnzenesulfamide  did  not  give  a  depression 
of  melting  point. 

c)  Widi  dichloroacetoacetic  ester.  A  mixture  of  0.05  mole  of  Na  salt  of  arenesulfamide  (benzene  9  g, 
p- chlorobenzene  11.1  g,  p-toluene  10.1  g),  0.05  mole  of  dichloroacetoacetic  ester  (10  g)  and  15  ml  of 
methanol  was  heated  on  a  boiling  water  bath  for  3  hours.  The  medianol  was  removed  in  vacuo.  Tlie  synipy 
residue  crystallized  after  2-3  days. 

Found  M  334.  CuHuO^NSClz.  Calculated  M  322. 

Treatment  of  the  synip  widi  5  ml  '^f  formic  acid  led  to  formation  of  crystals  which  were  dissolved  in  5®7o 
sodium  carbonate  solution.  Acidification  of  the  solution  gave  a  precipitate  which  was  suction- filtered  and 
recrystallized  from  benzene. 

N-Dichloroacetylbenzenesulfamide,  m.  p.  150-151*.  Yield  65.3‘7o. 

Found '’/o:  Cl  27.0;  N  5.6.  M  276.  Call^OgNSCla.  Calculated ‘7o:  Cl  26.6;  N  5.43.  M  268. 

N-Dichloroacetyl-p-toluenesulfamide,  m.  p.  139-141*.  Yield  68.2%, 

Found  %:  Cl  25.5.  M  299.0.  CgligOgNSClg.  Calculated  %;  Cl  25.1.  M  282.1. 

N- Dlchloroacetyl-p-chlorobenzencsulfamide,  m.  p.  174-176*.  Yield  61.8%. 

Found  %;  Cl  36.0;  N  4.8.  M  3120.  CgllgOgNSClg.  Calculated  %:  Cl  35.2;  N  4.64.  M  302.5 

S  U  M  M  A  RY 

1,  Tlie  reaction  of  alkali  salts  of  arencsulfamides  widi  esters  of  acetoacetic  and  chloro-,  ediyl-, 
dichloro-  and  diediylacetoacetic  esters  was  studied. 

2.  Tlie  following  were  syiidieslzed:  N-dichloroacetylbenzenesulfamide,  N-dichloroacetyl-p-toluene- 
sulfamide  and  N-dichloroacetyl-p-chlorobenzenesulfamlde. 
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SYNTHESIS  OF  THIAZOLE  DERIVATIVES 


XIV.  NEW  ALCOHOLS  OF  THE  BENZOTHIAZOLE  SERIES  AND  THEIR  TRANSFORMATIONS 
V.  M,  Zubarovskii  and  G.  P.  Khodot 

Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences  of  the  UkrSSR 
Translated  from  Zhurnal  Obshchei  Kliimii,  Vol.  30,  No,  4,  pp.  1245-1250,  April,  1960 
Original  article  submitted  April  20,  1959 

Among  derivatives  of  2-methylbcnzothiazole  not  known  until  now  were  2- methyl- 5-hydroxy mcthyl- 
and  2- methyl- 6-hydroxy methylbenzothiazolcs  (1)  and  (II),  Tlieir  syndiesis  is  described  in  tlie  present  communica¬ 
tion.  Starting  substances  were  esters  of  2-methyibenzothiazole-5-  and  2-rnethylbenzotliiazole-6-carboxylic 
acids.  Tile  methyl  ester  of  tlie  first  of  these  acids  was  prepared  from  the  methyl  ester  of  3-nitro-4-chlorobenzolc 
acid  by  tlie  known  method  [Ij;  the  ethyi  ester  of  the  second  acid  was  synthesized  from  tlie  acid  chloride  and 
alcohol.  Conversion  of  tlie  esters  into  carbinols  (l)  and  (ll)  was  effected  by  reduction  with  lithium  aluminum 
hydride  at  —  40  and  —  45*  since  at  temperatures  above  0*  2-methylbenzothiazole  reacts  witli  an  ethereal 
solution  of  lithium  aluniinuni  hydride,  probably  at  the  double  bond  in  die  1  position.  Carbinols  (I)  and  (II)  may 
contain  traces  of  die  original  ester;  the  latter  is  removed  by  treatment  with  alcoholic  potassium  hydroxide  (the 
resulting  potassium  salts  of  bcnzodiiazolecarboxylic  acids  are  easily  removed). 

Synthesis  of  isomeric  carbinols  (I)  and  (II)  opens  up  a  route  to  preparation  of  a  series  of  new  derivatives 
of  2-niethylbenzothiazole  substituted  in  the  5  and  6  positions:  chloromethyl-,  cyanomethyl-,  carboxymethyl-, 
diethylaminomediyl-,  medioxymethyl-  and  acyloxymethyl-substituted  derivatives. 


(1  &I1)  n=oii,  (111  &  IV)  n=ci.  (v&  VI)  n=CN,  (vii&  viii)  h=cooii.  (ix 

&  X)  Il^ClIaCOO,  (XI)  H=C,,IIr.CO().  (XII)  H=N(C2llr.),>,  (Xlll  &  XIV)  R^CIIaO. 

Bases  (XII- XIV)  are  liquids,  die  others  are  colorless  crystalline  substances.  Derivatives  of  2-methyl¬ 
benzothiazole  with  substituents  in  the  5  position  are  less  soluble  in  organic  solvents  and  more  easily  crystallized 
than  their  isomers  widi  substiments  in  die  6  position.  Under  certain  conditions  die  new  bases  form  quaternary 
salts  suitable  for  synthesis  of  cyanine  dyes. 


EXPERIMENTAL 

2- Methyl- 5-hydroxymethylbenzothiazole  (I).  A  freshly  prepared  solution  of  6.65  g  (0.175  mole)  of 
LiAlil^  [2J  in  335  ml  of  dry  edier  was  placed  in  the  reaction  vessel  of  an  apparatus  cooled  externally  to  —  50" 
by  a  solution  of  CO2  in  acetone.  Dropwise  addition  with  stirring  was  dien  made  in  the  course  of  an  hour  of  a 
solution  of  20.7  g  (0.1  mole)  of  the  methyl  ester  of  2-metiiylbenzothiazole-5-carboxylic  acid  in  300  ml  of 
dry  ether.  Stirring  was  continued  at  the  same  bath  temperature  for  50  minutes.  Cooling  was  dien  stopped,  and 
after  the  temperature  inside  die  vessel  had  risen  to  -  15  to  -10"  150  ml  of  moist  ether  was  run  in  widi 
vigorous  stirring,  followed  after  10  minutes  by  100  mi  of  alkaline  water.  As  soon  as  die  cdier  layer  had  become 
transparent,  it  was  poured  off  and  die  aqueous,  syrupy  residue  extracted  diree  times  widi  edicr.  Tlie  ether  extract 
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was  dried  witli  aiiliydrous  Na2S04,  the  solvent  was  driven  off  and  the  residual  yellow,  viscous  oil  dissolved  in 
40  ml  of  alcohol.  The  solution  was  mixed  widi  a  hot  solution  of  2  g  NaOlI  in  25  ml  of  alcohol  and  tlie  mixture 
heated  for  5  minutes  on  a  boiling  water  badi.  The  mass  was  then  stood  for  10  minutes  for  separation  of  the 
crystalline  precipitate  of  die  K  salt  of  2-mctliylbcnzoduazole-5-carboxylic  acid.  Tlie  latter  was  filtered, 
washed  widi  alcohol  and  benzene  and  used  for  separation  of  the  acid.  To  the  alcohol- benzene  filtrate  was 
added  100  ml  of  water  and  the  liquid  was  extracted  four  times  with  benzene.  The  extract  was  dried  widi  an¬ 
hydrous  Na2504  and  the  solvent  was  driven  off  to  leave  a  yellowish  or  light-brown  oil  which  soon  cry’stallizcd. 

Yield  11-12.5  g  (up  to  Further  purification  of  (1)  was  effected  by  solution  in  65  ml  of  cdicr,  partial 

decolorizatioii  of  the  solution  with  carbon,  concentration  to  a  volume  of  25  ml  and  cooling  in  a  mixture  of  ice 
and  salt.  The  crystals  were  dien  filtered  and  repeatedly  washed  with  ligroine.  Colorless,  transparent  needles 
with  m,  p.  59®.  * 

Found '7o:  N  8.02,  7.94.  CjlIgOMS.  Calculated  *70:  N  7.82, 

The  methiodidc  was  obtained  in  8 2^70  yield  by  heating  (1)  with  four  times  the  quantity  of  mediyl  iodide 
in  a  sealed  glass  tube  at  100°  for  40  minutes.  Colorless,  finely  crystalline  powder;  m,  p.  226°  (in  a  sealed 
capillary,  from  alcohol). 

Found  *70:  i  39.32.  CioHi20NSI.  Calculated ‘7o:  1  39.56, 

The  ethiodidc  (I)  was  similarly  obtained  in  GO^o  yield  by  heating  the  starting  components  for  4,5  hours. 
Colorless  crystals  widi  m,  p.  180°  (from  alcohol)  were  obtained  after  washing  with  edicr  and  acetone  and 
rccr)'srallization. 

2-Mcihyl-O-hydroxymcdiylbenzothiazole  (II).  2- Mcthylbcnzodiiazolc- 6- carboxylic  acid  was  prepared 
from  its  nitrile  L3j.  A  benzene  sclution  of  the  acid  chloride  [4j  was  prepared  from  45  g  of  die  K  salt  of  the  acid 
aiul  16.8  ml  of  oxalyl  chloride.  The  solvent  was  driven  off,  100  ml  of  alcohol  was  run  into  die  residue,  and  the 
mixture  was  lieated  to  the  boil  and  stood  for  several  hours;  it  was  then  decolorized  with  carbon  (2  g)  and  the 
alcohol  distilled  off  from  die  filtrate.  The  solid  product  was  pulverized  and  treated  with  200  ml  of  saturated 
IdaIlC03  solution;  the  precipitate  was  filtered  and  washed  with  water.  Yield  32  g.  Yellowish- white  crystals 
widi  m.  p.  72°  (from  ligroine);  die  literature  [3j  gives  die  same  melting  point  for  die  ester  obtained  by  esteri¬ 
fication  of  the  acid. 

Carbinol  (II)  was  prepared  in  similar  fashion  to  its  isomer  (1),  starting  from  11  g  (0.05  mole)  of  cdiyl  ester 
of  2-methylbcnzothiazole-6-carboxylic  acid,  dissolved  in  200  ml  of  dry  ether,  and  115  ml  of  freshly  prepared, 
sediment- free,  soludon  of  3.3  g  (0.087  mole)  of  LiAlll4  in  ether.  During  purification  of  (11)  widi  an  alcoholic 
solution  of  KOIl,  the  K  salt  of  2-methyibcnzothiazolc-6-carboxylic  acid  docs  not  separate  due  to  its  high  solubility. 
Yield  of  (11)  7.6  g  (85%).  Colorless  or  slightly  yellow,  acicular  crj'stals  with  in.  p.  99°  (from  benzene). 

Found  %:  N  7.65,  7.60;  S  17.92,  17.90.  CglljONS.  Calculated  %;  N  7.82;  S  17.88. 

Medioiodidc  of  (II);  yield  93%;  a  colorless,  finely  crystalline  powder  with  m.  p,  182°  (from  alcohol). 

Found  %:  1  39.27.  CjoHijONSI.  Calculated  %:  I  39.56. 

Ethiodidc;  Yield  67%;  fine,  colorless  needles  with  m.  p.  185°  (with  decomp.)  (from  alcohol). 

Found  %:  1  37.80,  37.66.  CHH14ONSI.  Calculated  %;  I  37.61. 

2-Methyl-5-acctoxymethylbenzothiazole  (IX).  A  mixture  of  3.6  g  of  (I)  and  20  g  of  acetic  anhydride  was 
boiled  for  3  hours  and  die  mixture  poured  into  150  ml  of  water.  After  an  hour,  it  was  cooled  and  the  precipitate 
was  filtered  off  and  washed  with  water.  Yield  3.5  g  (81.5%);  colorless,  acicular  cr)'stals  with  m.  p.  76*  (from 
30%  alcohol). 

Found  %:  N  6.26,  6.30.  CuHi202NS.  Calculated  %;  N  6.34. 

2-Methyl-6-acetoxymetIiylbenzothiazolc  (X).  Prepared  from  (II)  as  in  the  preceding  preparation.  The  (X) 
separated  by  addition  of  water  solidifies  very  slowly.  Yipld  3.1  g  (70%);  colorless  needles  with  m.  p.  47-48* 

(from  30%  alcohol). 


*  Corrected  melting  and  boiling  points  are  given  for  all  substances  syntliesized  for  the  first  time. 
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Found ‘yo:  N  G.32,  6.27;  S  11.47,  14.70.  CuHuOjNS.  Calculated  <yo:  N  6.34;  S  14.48. 

2-Methyl-5-benzoyloxyniethylbcnzothiazole  (XI).  A  mixture  of  2.7  g  (0.015  mole)  of  (I)  and  2.25  g 
(0.016  mole)  of  benzoyl  chloride  was  I'.cated  for  30  minutes  at  105-110’  (in  a  paraffin- wax  bath).  The  reaction 
product  was  pulverized  and  treated  witli  35  ml  of  3%  NaOH  solution,  filtered,  washed  witlt  water  and  dried.  Yield 
3.4  g  (80*70);  colorless  needles  with  m.  p.  81  ’  (from  50*70  alcohol). 

Found  *70:  N  4.98,  4.93.  CjcHigOoNS.  Calculated  <7o:  N  4.95. 

2-Metliyl-5-chloromethylbenzothiazole  (Ill).  To  13.8  g  (0.66  mole)  of  PCI5  and  75  ml  of  dry  toluene  was 
added  10.7  g  (0.G6  mole)  of  (l)  with  stirring.  Heat  was  generated.  When  the  temperature  began  to  fall,  the  flask 
was  placed  in  a  paraffin  batli  heated  to  110’  and  held  at  tliis  temperature  for  15  minutes.  Heating  was  then  in¬ 
terrupted  and  stirring  was  continued  for  another  30  minutes.  Addition  was  made  of  200  ml  of  20*7o  sodium  carbonate 
solution  (foaming  occurred)  and  the  mixture  was  stirred  until  complete  solution  took  place.  The  toluene  layer  was 
separated  and  the  aqueous  layer  extracted  witii  toluene.  Tiie  extract  was  dried  with  anhydrous  sodium  sulfate  and 
partly  decolorized  by  carbon;  the  solvent  was  tlten  taken  off  (toward  the  end  in  the  vacuum  of  a  water  jet  pump). 
The  residual  light- brown  oil  quickly  solidified.  Yield  9.5-10.6  g.  Long  colorless  needles  with  m.  p.  78.5’  (from 
ligroine).  The  chloro  compound  is  not  lachrymatory  but  irritates  tlie  skin  slightly. 

Found  <7o:  Cl  17.92,  17.94.  CjHgNSCl.  Calculated  *7o:  Cl  17.98. 

2-Methyl-6-chlorometliylbcnzothiazole  (IV).  From  3.6  g  of  (II)  and  4.6  g  of  PCI5  was  obtained  3.0  g 
(76*70).  Colorless  needles  with  m.  p.  86®  (from  ligroine). 

Found  *7o:  Cl  17.89,  17.92.  CjHgNSCl.  Calculated  *7o:  Cl  17.98. 

2-Mcthyl-5-cyanometliylbenzothiazole  (V).  To  a  mixture  of  3.3  g  (0.05  mole)  of  KCN  and  2  ml  of  water 
was  added  a  warm  solution  of  7.9  g  (0.04  mole)  of  (111)  in  20  ml  of  alcohol  and  the  mass  was  heated  on  a  boiling 
water  batli  for  4  hours.  The  precipitated  KCl  was  filtered  off  and  washed  with  a  little  alcohol.  The  filtrate  was 
partly  decolorized  wiili  carbon  and  concentrated  to  a  volume  of  12  ml.  After  cooling  in  ice,  tlie  precipitate  was 
filtered  and  washed  witli  a  little  alcohol  and  then  several  times  witli  water.  Yield  6.5  g  (81.7*7o).  Colorless, 
transparent,  lustrous,  hexagonal  tablets  with  m.  p.  106’  (from  alcohol). 

Found  *70:  N  14.80,  14.61.  C10H8N2S.  Calculated  *7o:  N  14.89. 

2-Methyl- 6- cyanom:;thylbcnzothiazole  (VI).  Starting  components  for  synthesis  were  3.5  g  of  (IV)  and 

l. 45  g  of  KCN.  After  tlte  KCl  had  been  removed  and  the  aqueous  alcoholic  solution  had  been  concentrated  to  a 
volume  of  5  ml,  35  ml  of  water  was  added  and  tlic  mass  was  cooled.  Compound  (Vl)  separated  as  an  oil  which 
quickly  solidified.  It  was  filtered  off  and  washed  witli  water.  Yield  3.0  g  (91*7o);  fine,  colorless  crystals  with 

m.  p.  76*  (from  707o  alcohol). 

Found  <7o:  N  14.69,  14.55.  CioHgNgS.  Calculated  *70:  N  14.89. 

2-Methyl-5-carboxymctliylbenzothiazole  (VII).  A  mixture  of  6  g  (0.032  mole)  of  (V)  and  15  ml  of  HCl 
(d  1.19)  was  heated  for  5  hours  at  140’  in  two  sealed  glass  tubes.  No  pressure  was  detected  when  the  tubes 
were  opened.  The  contents  of  die  tubes  were  mixed  with  75  ml  of  NaOH  solution,  heated  and  decolorized 
with  carbon.  Dilute  HCl  was  added  to  the  warm  filtrate  until  the  liquid  had  a  weakly  acidic  reaction.  It  was 
then  cooled.  The  white,  finely  crystalline  precipitate  of  (VII)  was  filtered  off  and  washed  with  water.  Yield 
6.15  g  (92.7*7o);  colorless  needles  with  m.  p.  198’  (from  alcohol). 

Found  N  6.99,  7.01.  CjoHjOgNS.  Calculated  <7o:  N  6.76. 

2-Methyl-6-carboxymethylbenzodiiazole  (VIII).  From  3.8  g  of  (VI)  was  obtained  (by  the  preceding 
method)  3.8  g  of  (Vlll)  (91.7*70).  Colorless,  lustrous,  fine  plates  with  m.  p.  203.5*  (from  33*7o  alcohol). 

Found  <7o;  N  6.94;  S  15.61.  CjoHjOzNS.  Calculated  *7o:  N  6.76;  S  15.46. 

2-Mediyl-5-medroxymediylbenzothiazole  (XllI).  To  a  solution  of  sodium  methoxide,  prepared  from 
0.46  g  (0.02  g-atom)  of  sodium  and  15  ml  of  absolute  methanol,  was  added  a  warm  solution  of  3.95  g  (0.02 
mole)  of  (III)  in  15  ml  of  tlie  same  solvent,  and  the  mixture  was  boiled  for  45  minutes.  The  NaCl  was  filtered 
off  and  washed  witli  methanol.  The  greater  part  of  die  solvent  was  driven  off  from  die  filtrate.  Addition  of 
10  ml  of  water  led  to  separation  of  an  oil  which  was  extracted  with  ether;  the  extract  was  dried  with  anhydrous 
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Na2S04,  the  ether  was  driven  off  and  the  residue  distilled  in  vacuo.  Yield  3  g  (77,7%),  A  colorless,  oily  liquid 
with  a  characteristic  faint  odor;  b.  p,  136*  at  6  mm. 

Found  %:  N  7.13,  7.25.  CjoHuONS.  Calculated  %;  N  7.25. 

2-Methyl-6-methoxymethylbeiizotliiazole  (XIV).  a)  The  synthesis  was  carried  out  as  for  the  preceding 
preparation,  starting  from  2.4  g  of  (IV)  and  2.3  g  of  sodium.  Yield  1.7  g  (73%);  b.  p.  145-146*  at  8.5  mm; 
a  colorless,  viscous,  strongly  refracting  liquid  with  a  very  weak  odor. 

Found  %:  N  7.06,  7.12.  CjoHnONS.  Calculated  %;  N  7.25. 

b)  A  mixture  of  5.4  g  (0.03  mole)  of  the  methyl  ether  of  p-acetylamlnobenzyl  alcohol,  3.4  g  (0,015 
mole)  of  P2S5  and  30  ml  of  dry  toluene  was  heated  for  10  minutes  at  120*.  The  viscous  mass  was  extracted 

witli  toluene.  The  tltloacetyl  derivative  was  extracted  from  the  toluene  with  100  ml  of  20%  NaOH  solution. 

The  alkaline  solution  was  treated,  while  cooling,  with  acetic  acid  until  it  turned  cloudy  and  CO2  was  released. 

It  was  then  extracted  witli  chloroform.  The  solvent  was  distilled  off  from  the  extract  (after  drying  with  Na2S04), 
Two  g  of  the  resulting  thioacetyl  derivative  was  mixed  at  5*  with  18  ml  of  10%  NaOH  solution  and  with  a 
solution  of  9.2  g  of  potassium  ferrlcyanide  in  52  ml  of  water.  After  20  hours,  the  mixture  was  distilled  with 
steam  and  the  distillate  extracted  with  ether.  The  extract  was  dried  with  anhydrous  Na2S04  and  the  solvent  was 
driven  off  to  leave  1.2  g  (60%)  of  (XIV).  B.  p.  143-145*  at  7  mm. 

Methyl  etlter  of  p-aminobenzyl  alcohol.  p-Nitrobenzyl  bromide  was  prepared  by  bromlnation  of  p-nltto- 
toluene  witli  dibromodimethylhydantoin  [5j;  yield  of  bromo  derivative  65%,  m.  p.  96*  (from  metlianol).  The 
methyl  ether  of  p-nltrobenzyl  alcohol  was  synthesized  from  p-nitrobenzyl  bromide  and  sodium  methoxide  on 
similar  lines  to  its  preparation  from  p-nitrobenzyl  chloride  [6J;  yield  91%>,  b.  p.  145*  at  14  mm. 

Into  a  hydrogenation  flask  were  charged  0.1  g  of  platinum  oxide  [7],  70  ml  of  96%  alcohol  and  10  g 
(0.06  mole)  of  the  methyl  etlier  of  p-nitrobenzyl  alcohol.  Hydrogenation  was  carried  out  for  4  to  6  hours  and 
led  to  uptake  of  4. 2-4. 4  liters  of  hydrogen  and  to  disappearance  of  the  yellow  color  of  the  solution,  lire  same 
portion  of  catalyst  was  used  2-3  times,  'ilie  solution  of  hydrogenation  product  was  decanted  from  tlie  catalyst 
and  the  alcohol  distilled  off  (the  last  traces  were  removed  in  tlie  vacuum  of  a  water  jet  pump).  Yield  7,5  g 
(91%). 

Methyl  ether  of  p-acetylaminobenzyl  alcohol.  A  mixture  of  7.5  g  of  methyl  etlier  of  p-amlnobenzyl 
alcohol  and  20  ml  of  acetic  anhydride  was  run  Ufier  20  minutes*  mixing)  into  GO  ml  of  water,  stirred,  and 
cooled  in  ice.  The  yellowish  crystals  were  waslied  witli  water.  Yield  6.5  g  (66.3%).  Colorless  crystals  with 
m.  p.  108*  (from  water). 

Found  %;  N  7.90,  7.85.  C10H13O2N.  Calculated  %:  N  7.82. 

2-Methyl-5-dimethylaminomethylbcnzoihiazole  (Xll).  A  mixture  of  1,2  g  (0.006  mole)  of  (111),  1.3  g 
(0.018  mole)  of  dietliylamine  and  5  ml  of  absolute  alcohol  was  boiled  for  15  minutes  and  stood  for  20  hours. 
Excess  of  dr)'  ether  was  added  and  the  mass  was  cooled.  Ihe  precipitate  of  dietliylamine  hydrochloride  was 
filtered  off.  llic  ether- alcohol  filtrate  was  treated  with  KOII  powder,  tlie  solvent  was  taken  off,  water  was  added 
to  tlie  residue  and  the  latter  was  extracted  with  benzene.  The  benzene  was  driven  off  and  tlie  residue  distilled 
in  vacuo  to  give  1.2  g  of  product  (85.7%);  b.  p.  152*  at  5  mm.  A  colorless,  viscous  liquid  with  a  very  faint 
amine  odor. 

Found  %:  N  12.22,  12.23.  CialljeNzS.  Calculated  %;  N  11.97. 

Picrate;  m.  p.  135*  (from  alcohol). 


SUMMARY 

Reduction  of  esters  of  2-methylbenzotliiazolc-5-  and  2-methylbcnzothiazole-6-catboxyllc  acids  by 
lithium  aluminum  hydride  gave  new  alcohols  of  the  benzotluazole  series  —  2-methyl-5-hydroxymethyl-  and 
2-methyl-6-hydroxymetliyibenzothiazoles.  The  alcohols  were  used  for  syntlicsis  of  twelve  derivatives  of  2- 
mctliylbenzothiazole  substituted  in  positions  5  or  6  by  chloromethyl,  cyanometliyl,  carboxymetliyl,  methoxy- 
metliyl,  diethylaminometliyl  and  acyloxymethyl  groups. 
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OXIDATION  OF  1  -  PH EN Y L- 1  -  CY C L OPE N TE N E  BY  PERFORMIC 
ACID  AND  THE  SYNTHESIS  OF  1-METHYL-  AND 
1-  ETHYL-  2-  PHENY  LC  Y  C  LOPE  N  T  A  N  E 

A.  F,  Plat€,  A.  A.  Mel'nikov,  T.  A.  Itallnskaya, 
and  R.  A,  Zelenko 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1250-1255,  April,  1960 
Original  article  submitted  April  3,  1959 


During  investigation  of  tlie  composition  of  tlic  components  of  a  series  of  petroleums  It  was  found  that  the 
iigroine- kerosene  and  higher  fractions  c6ntained  not  only  paraffinic,  naphthenic  and  aromatic  hydrocarbons  but 
also  hydrocarbons  containing  boUr  aromatic  and  naphthenic  rings.  In  their  properties  these  hydrocarbons  are  in¬ 
termediate  between  naphthenes  and  aromatics.  Only  a  small  number  of  hydrocarbons  of  tliis  type  had  previously 
been  synthesized,  'lire  lad;  of  standards  liinders  the  successful  employment  of  spectral  metliods  in  the  investiga¬ 
tion  of  such  compounds  in  oil  fractions. 

Among  tlie  known  hydrocarbons  containing  a  cyclopentane  and  a  benzene  ring  are  many  a-cyclopentyl- 
tu-phenylalkanes,  also  l-methyl-2-( 3 -phenyletliyO-cyclopentanc,  1- methyl- 2-(y  -phenylpropyl)- cyclopentane 
[Ij  and  some  products  of  condensation  of  alkyl-,  dialkyl-  and  trialkylbenzcnes  witli  cyclopentene  [2j.  The  position 
of  the  cyclopeniyl  substituent  in  tire  benzene  in  the  majority  of  these  compounds  has  not  been  established.  It  is 
also  reported  tliat  l-mcthyl-2-phenylcyclopcntane  was  obtained  by  dehydrogenation  of  1-metliy  1-2-cyclohexyl- 
cyclopentane  over  palladized  carbon  at  410*.  However,  tliis  hydrocarbon  was  not  isolated  from  the  catalyzate 
which  still  contained  21  of  the  original  hydrocarbon.  The  density  and  refractive  index  of  1-metliyl- 2- phenyl- 
cyclopentane  were  only  detennined  by  extrapolation  [3j, 

The  first  two  members  of  tlie  l-alkyl-2-phenylcyclopentane  series  are  described  in  this  paper  as  a  sequel 
to  an  investigation  of  tlie  symdiesis  of  some  1,2-dialkylcyclopentanes  containing  10  to  13  carbon  atoms  [4].  The 
oxidation  of  1- phenyl- 1- cyclopentene  by  pcrformic  acid  was  studied  with  the  objective  of  obtaining  the  starting 
substance  —  2-phenyl-l-cyclopcntanone. 

llierc  are  very  few  literature  data  on  this  problem.  Oxidation  of  1-phenyl-l-cyclopentene  with  performlc 
acid  (from  98 formic  acid  and  27%  hydrogen  peroxide)  at  below  45®  gave  mainly  y  -bonzoylbutyric  acid 
(yield  G4%)  together  with  a  certain  amount  of  2-phenyl-l-cyclopcntanone  (yield  not  stated)  [5].  Oxidation 
with  sulfuric  acid  of  l-phcnyl-l,2-cyclopentancdiol  rnonofermate  (obtained  by  oxidation  of  1-phcnyl-l-cyclo- 
pentene  by  performic  acid)  gave  2- phenyl- 1-cyclopentanone-l  (yield  75-80%)  [6J.  However,  the  conditions 
of  hydrolysis  of  the  monoformate  were  not  specified  and  it  is  not  certain  whether  the  monoformate  was  formed 
at  all  since  its  constants  are  not  given.  In  general  it  would  be  expected  that  oxidation  of  1-phenyl-l-cyclo¬ 
pentene  by  performic  acid  and  subsequent  hydrolysis  of  tlic  monoformate  would  lead  to  formation  of  trans-l- 
phenyl-l,2-cyclopentanediol  [7J  which  has  not  been  described  in  tlic  literature. 

We  carried  out  the  oxidation  of  1- phenyl-1- cyclopentene  with  performic  acid  (prepared  from  85%  formic 
^  acid  and  hydrogen  peroxide)  [8J.  We  sec  from  Table  1  tliat  even  a  rise  of  temperature  of  a  few  degrees  (Expts. 

1  and  2)  leads  to  a  considerable  fall  in  yield  of  1-phenyl-l-cyclopentene  (from  66  to  40%)  and  to  an  appreciable 
increase  in  yield  of  y  -benzoylbutyric  acid  (from  8  to  14%).  Lowering  of  tire  concentration  of  die  hydrogen 
peroxide  to  19%  (Expt.  3)  and  lowering  of  die  reaction  temperature  to  23-24*  lead  to  a  sharp  fall  in  yield  of 
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ketone  (29°Jo).  At  the  same  time  the  yield  of  ketoacid  remains  high,  probably  due  to  further  oxidation  of  the 
ketone  formed.  The  reaction  mass  contains  up  to  30%  of  unreacted  hydrocarbon,  it  should  be  noted  that  even 
under  such  relatively  mild  oxidation  conditions,  neither  the  glycol  nor  its  monoformate  nor  the  a- oxide  could 
be  isolated. 


TABLE  1 


Oxidation  of  1-Phenyl-l-cyclopentene  by  Performic  Acid 


1 

Expt. 

No. 

1 

1 ,,  ^ 

HjOj  concen- 
tration(in%)  ! 

Reaction  | 
temperature^ 

Yield  (in  %) 

1 

of  ketone 

'  i 

of ketoacid 

i 

1 

2 

3  * 

i 

27 

27 

19  (without 
excess) 

30-35° 
35-42  1 

23-24 

1 

6(1.3  1 

40.2  1 

29.3 

8.3 

1  14.3 

23.2 

•  0.125  mole  of  hydrocarbon  was  oxidized  as  against  0.5  mole 
in  the  other  experiments.  In  this  experiment  30%  of  the  hydro¬ 
carbon  did  not  react. 


In  the  present  case  the  initial  product  of  peracid  oxidation  of  1- phenyl- 1-cyclopentene  [9]  ought  to  be 
the  a-oxide,  but  2- phenyl- 1-cyclopentanone  could  be  formed  from  tlie  latter  by  isomerization  [5,  10]  or, 
following  tire  addition  of  acid,  via  die  glycol  monoformate  and  hydrolysis  of  the  monoformate  [8].  The  mechanism 
of  isomerization  of  a-oxides  to  aldehydes  and  ketones  [11]  has  not  been  adequately  studied.  It  has  been  suggested 
that  the  first  step  is  addition  of  acid  to  a-oxide  with  formation  of  glycol  monoester  and  that  the  latter  undergoes 
hydrolysis  and  splits  off  acid  [12].  Hence,  the  acid  hydrolysis  of  monoesters  lies  at  tire  basis  of  the  isomerization 
of  a-oxides  and  is  tire  main  step  in  formation  of  ketones  during  oxidation  of  unsaturated  compounds  by  peracids. 

It  may  be  expected  that  opening  of  the  a-oxide  ring  of  1- phenyl- 1-cyclopentene  in  presence  of  acid  would  be 
accompanied  by  rupture  oi  the  bond  between  the  oxygen  atom  and  the  more  hydrogenated  carbon  atom  due  to  the 
negative  inductive  effect  of  tire  phenyl  group  [13j.  This  is  true  of  the  opening  of  the  a-oxide  ring  of  styrene  oxide 
under  the  action  of  formic  or  acetic  acid  [10]. 

Formation  of  1- phenyl- 1,2-cyclopentanediol  monoformate  by  oxidation  of  1- phenyl- 1-cyclopentene  with 
performic  acid  can  accordingly  be  represented  as  follows: 

n  MCOOOH  K  °  4-H 

\J  — 

(I)  (It) 


In  a  strongly  acid  medium  the  resulting  glycol  monoformate  is  converted  into  2- phenyl- 1-cyclopentanone. 
This  process  can  evidently  be  represented  by  tlie  following  sequence  of  reactions  on  the  basis  of  the  mechanism 
of  acid  hydrolysis  of  esters  [14]; 


In  an  acid  medium  a  proton  joins  on  to  the  carbonyl  oxygen  with  formation  of  cation  (V)  which  then  changes 
to  its  tautomer  (VI).  Cation  (VI)  then  breaks  down  to  formic  acid  and  carbonium  ion  (VII),  which  undergoes 
pinacolone  rearrangement  to  2- phenyl- 1-cyclopentanone  (Villa). 
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It  should  be  noted  that,  unlike  monoformates  of  l-alkyl-l,2-cyclopentanediols  which  are  stable  in  an 
acid  medium  under  conditions  of  oxidation  of  1- alkyl- l-cyclopentenes  (40-45*)  and  are  hydrolyzed  mainly 
only  at  above  100*  [8J,  l-phenyl-l,2-cycIopentanediol  is  hydrolyzed  in  an  acid  medium  even  during  mild 
oxidation  (at  23-24*). 

Fairly  large  quantities  of  y -benzoylbutyric  acid  are  formed  in  all  experiments  on  oxidation  of  1-phenyl- 
1-cyclopentene,  and  it  was  therefore  of  interest  to  establish  whether  the  acid  is  formed  directly  during  performic 
acid  oxidation  of  the  hvdrocarbon  or  whetlier  it  is  ilie  product  of  further  oxidation  of  2-phenyl-l-cyclopentanone. 
The  sole  product  of  oxidation  of  2-phenyl-l-cyclopentanone  by  performic  acid  actually  proved  to  be  y-benzoyl- 
butyric  acid  (yield  64.2%).  We  know  from  the  literature  that  2-phenyl-l-cyclopentanone  [15,  16J  and  2-phenyl- 
1-cyclohcxanone  [17J  are  easily  oxidized  to  the  corresponding  ketoacids  even  by  oxygen  of  die  ait. 

The  main  product  of  oxidation  of  l-phenyl-l-cyclopentanol  with  performic  acid  was  a  substance  with  the 
formula  €221120*^2  P*  diere  were  also  isolated  a  phenolic  substance  with  m.  p,  37*,  which  was  not 

further  examined,  and  a  small  quantity  of  2-phenyl-l-cyclopemanone. 

1-Methyl-  and  1 -ethyl- 2-phenylcyclopentanes  were  synthesized  by  die  following  route; 


1 — 

-1-“  _ 

»  Olefin 

-n 

It'MgX  ^  1 

/ 

— 1 

-IT 

(VIII) 

(IX) 

(X) 

(XI) 

( a"*  R  = 
XI)  ;  b)  It  = 

(a) 

K'  =  CM, 

(X..I); 

(vin, IX. 

'lb; 

(IX,  XI) 

If  =  C,!!, 

Hr) 

1  ci  u  == 

'  iHi. 

‘ci 

R'  =  (:.1U 

(.\  Hr) 

l-Methyl-2-phenyl-l-cyclopentanol  (IXa)  and  l-ediyl-2-phenyl-2-cyclopencanol  (IXc)  were  prepared 
by  Grignard  reaction  from, respectively, 2-phenyl-l-cyclopentanone  and  mediylmag'^esium  iodide  and  2-ethyl- 

1- cyclopentanone  and  phcnylmagnesium  bromide.  The  respective  yields  were  70  and  76%.  1- Methyl- 2- phenyl- 

2- cyclopentanol,  prepared  by  reaction  of  2-mediyl-l-cyclopentanone  and  phenylmagnesium  bromide,  was  not 
isolated  because  it  underwent  complete  dehydration  in  course  of  fractional  distillation.  Tertiary  alcohols  (IXa) 
and  OXc)  were  obtained  in  the  form  of  a  mixture  of  cis-  and  trans- isomers  which  were  not  separated.  These 
alcohols  have  been  dehydrated  by  saturated  oxalic  acid  solution  [18J.  Unsaturated  hydrocarbons  (X)  from  1- 
methyl-2-phenyl-l-cyclopentanol  and  1-ethyl- 2-phenyl- 2-cyclopentanol  were  obtained  in  yields  of  78  and  72%, 
while  l-metliyl-2-phenyl-l-cyclopcntene  was  obtained  in  70%  yield  (on  the  original  ketone)  without  separation 
of  1  -  methyl-  2-  pheny  1-  2-  cy c  lopentanol. 


Dehydration  of  the  tertiary'  alcohols  can  take  two  courses  witli  formation  of  unsaturated  hydrocarbons  of 
different  types  but  having  one  and  the  same  carbon  framework. 


(Xll)  (XIH) 

a)  R' =  CH,.  It  =  Cell,:  b)  R' C,n,.  ]i=cii,:  c)  it' =  c,ii,.  R  =  c,iu. 


Complete  separation  of  these  hydrocarbons  was  not  effected  due  to  the  closeness  of  their  boiling  points; 
only  fractions  enriched  with  one  isomer  or  tlie  other  were  obtained.  Mixtures  of  isomers  were  subjected  to  hydro¬ 
genation  in  presence  of  palladium  black  in  alcoholic  solution  at  room  temperature.  One  and  the  same  saturated 
hydrocarbon  was  obtained.  The  resulting  1- methyl-  and  1-etliyl- 2-phenylcyclopentanes  were  distilled  in  vacuo 
in  an  80- plate  metal- packed  column.  The  distilled  hydrocarbons  were  found  to  be  individual  substances,  whereas 
the  synthesis  of  1,2-dialkylcyclopentanes  gave  a  mixture  of  isomers  in  which  the  trans- forms  greatly  predominated 
(81-83%)  over  the  cis- forms  [Ij.  Constants  of  the  synthesized  hydrocarbons  are  given  in  Table  2. 


EXPERIMENTAL 

Oxidation  of  1-phenyl-l-cyclopentene  by  performic  acid.  1- Phenyl- 1-cyclopentene  (b.  p.  75-76*  at 
3  mm,  m.  p.  20.1“)  was  obtained  in  93.2%  yield  by  dehydration  with  saturated  oxalic  acid  of  1-phenyl-l- 
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cyclopentanol  (b.  p.  101-102*  at  3  mm,  m.  p.  13.2*,  n^®D  1.5488,  1.0566)  and  was  oxidized  with  a 

mixture  of  85‘7o  formic  acid  (13.2  moles  per  mole  of  hydrocarbon)  and  27  and  19'7o  of  hydrogen  peroxide  (approxi¬ 
mately  1.5  moles  per  mole  of  hydrocarbon)  at  23-24*  and  30-42*.  Oxidation  results  are  set  forth  in  Table  1. 


TABLE  2 

Constants  of  1- Methyl-  and  1-Ethyl- 2- phenylcyclopentanes 


Hydrocarbon 

1 

Boiling  point 

fl 

1 

rf.” 

i 

Mltj, 

1 

lat  30 

mm 

1 

recalc. 

at  760 

mm 

found 

calc. 

1- Methyl- 2- phenylcyclopentane^ 
l-Ethyl-2-phenylcyclopentane 

121.7<" 

i:ui.8 

i 

220.6® 

247.8 

1.5238 

1.5217 

0.04 14 
0.0378 

52,07 

56.6.5 

51.82 

56.43 

Remarks.  Both  hydrocarbons  became  vitreous  when  cooled. 

a.  Temperatures  were  converted  by  tables  [23]  for  hydrocarbons  of  the  cyclopentane  and 
benzene  series  and  tlie  mean  of  both  values  was  taken. 

b.  Found  %:  C  89.91,  89.88;  II  9.93,  10.09.  Cijllig.  Calculated C  89.93;  H  10.07. 

c.  Found  C  89.28,  89.28;  H  10.21,  10.20.  CijUig.  Calculated  C  89.59; 

H  10.41. 

Compare  constants  of  1- methyl- 2- phenylcyclopentane,  n*°D  1.5430,  d^'^  0.941,  obtained 
by  extrapolation  [3], 

Yield  of  2-phcnyl-l-cyclopentanone  183.3  g;  b.  p.  115-116*  (3  mm),  m.  p.  34.5*.  Literature  data  [16J: 
b.  p.  96*  (0.4  mm),  m.  p.  36.5-37.5*. 

Semicarbazone;  m.p.  220-221*  (decomp.).  Literature:  m.  p.  213-214*  [19],  231-232*  [6]. 
y -Benzoylbutyric  acid:  m.p.  129-130*  (from  water).  Literature  [20]:  m.  p,  128-129*. 

Semicarbazone;  m.  p.  212*  (decomp.).  Literature  [21];  m.  p.  212-213*. 

Oxidation  of  1-phenyl-l-cyclopentanol.  Oxidation  of  20.2  g  of  1-phcnyl-l-cyclopentanol  was  effected 
with  performic  acid  (using  19%  hydrogen  peroxide)  at  38-44*  in  the  above  fashion.  Crystals  came  out  on  the 
following  day  (11.2  g)  and  were  filtered  off;  m.  p.  83*.  Formic  acid  and  water  were  distilled  off  from  the 
filtrate  and  ilte  residue  was  distilled  in  vacuo  to  give  0.95  g  of  a  substance  with  b.  p.  45-47*  (2  mm)  (it  crys¬ 
tallized  and  had  m.  p,  37*)  and  2.8  g  of  2- phenyl- 1-cyclopentanone;  semicarbazone  m.  p.  220-221*  (de¬ 
comp.). 

The  compound  with  m.  p.  37*  gave  all  the  qualitative  reactions  for  phenols;  it  was  not  further  investigated. 
Tlie  nature  of  the  crystalline  substance  with  m.  p.  83*  was  not  established.  Analytical  data  and  molecular 

_ /C„H, 

weight  determination  indicate  that  it  contains  two  |  |^0\  residues;  it  does  not  give  reactions  character- 

\/  ^ 

Istic  of  acids,  peroxides,  tertiary  alcohols  or  carbonyl  compounds. 

Found  %;  C  81.79,  81.89;  H  8.10,  8.19.  M  298.5,  309.75.  C22H28O2.  Calculated  %;  C  81.95; 

H  8.13.  M  322.4. 

Oxidation  of  2-phenyl-l-cyclopentanone.  Oxidation  of  the  ketone  (10.5  g)  was  effected  under  conditions 
similar  to  tliose  for  oxidation  of  1- phenyl- 1-cyclopentanol.  There  were  obtained  7  g  (64.2%)  of  y-benzoyl- 
butyric  acid  and  1.4  g  of  unreacted  ketone. 
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l-Methyl-2-phenyl-l-cycIopentanol  (IXa)  was  prepared  by  Grignard  reaetion  from  87.8  g  (0.55  mole) 
of  2- phenyl- l-cyclopentanone  and  meiliylmagnesium  Iodide  [from  17  g  (0.7  mole)  of  magnesium  and  98  g 
(0.7  mole)  of  meiliyl  iodide].  Yield  67. G  g  b.  p.  98-114*  (3  mm).  The  alcohol  consisted  of  a 

mixture  of  cis-  and  irans- isomers  which  were  not  separated. 

1- Methyl- 2- phenylcyclopentene.  Dehydration  of  61  g  of  1- methyl- 2- phenyl- 1-cyclopentanol  was  effected 
with  saturated  oxalic  acid  solution  [18j.  A  total  of  42.9  g  {18.4%)  of  unsaturated  hydrocarbons  (Xlla)  and  (Xllla) 
was  obtained. 

1- Methyl- 2- phenyl- 2-cyclopentanol  (IXh).  Prepared  by  Grignard  reaction  from  145.4  g  (1.18  moles)  of 
2-rnetliyl- l-cyclope;uanone  and  phenylmagnesium  bromide  [from  40.5  g  (1.66  moles)  of  magnesium  and  262  g 
(1.66  moles)  of  broinobenzenej.  The  product  was  worked  up  in  the  usual  manner.  On  fractionation  in  vacuo  the 
alcohol  was  completely  dehydrated  and  was  not  isolated.  The  resulting  1- methyl- 2- phenylcyclopentene  was 
redistilled  over  metallic  sodium;  yield  164.6  g  {10.2%  on  the  original  ketone).  The  hydrocarbon  comprised 
a  mixture  of  tlie  two  possible  isomers  (Xllb)  and  (Xlilb)  which  were  not  separated.  Two  fractions  were  obtained 
enridaed  with  one  isomer  or  the  other.  The  fractions  had  tlie  following  characteristics: 

1st,  b.  p.  66-66,5*  (2  mm),  n^D  1.5603,  d^^  0.9651,  MRp  53.04.  Ci,H;4F4-  Calculated  51.35. 

Found C  90.98,  91.09j  H  8.97,  8.84.  CijIIm.  Calculated  C  91.09;  H  8.92. 

2nd,  b.  p.  67.3-67.5*  (2  mm),  n“D  1.5617,  d”^  0.9668,  MRp  53.05.  CjjHu  F4-  Calculated  51.35. 

Found 'yni  G  90.75,  90.72;  H  8.84,  8.89.  CisH^.  Calculated  ^o:  C  91.08;  H  8.92. 

7lie  large  increment  of  molecular  refractions  of  both  fractions  of  uiisaturated  hydrocarbons  is  evidently 
associated  with  conjugation  between  the  double  bond  and  the  benzene  ring. 

1-Metliyl- 2- phenyl- 2-cyclopentene  is  described  in  the  literature:  b.  p.  116-117*  (20  mm)  [22j. 

1- Methvl-2-phenylcyclopentane  was  prepared  by  separate  hydrogenation  of  41.2  g  of  unsaturated  hydrocarbons 
^obtained  from  l-meihyl-2-phenyl-l-cyclopentanol)  and  131.8  g  of  unsaturated  hydrocarbons  (obtained  from 

1- metliyl-2- phenyl- 2-cyclopentanol)  in  alcoholic  solution  at  room  temperature  in  presence  of  palladium  black. 
Both  preparations  had  identical  constants  and  were  combined.  The  hydrocarbon  was  distilled  over  sodium  and 
fractionated  in  an  80-plate,  metal-packed  column  in  vacuo.  Constants  are  given  in  Table  2. 

1-Eiliyl- 2- phenyl- 2-cyclopentanol  (IXc).  Prepared  by  Grignard  reaction  from  140.2  g  (1.25  moles)  of 

2- ethyl-l-cyclopcntanoae  and  phenylmagnesium  bromide  [from  32.7  g  (1.34  moles)  of  magnesium  and  210.4  g 
(1.34  moles)  of  bromol?enzeneJ;  yield  181.6  g  {16.4%),  b.  p.  114*  (4.5  mm),  121*  (3  mm).  The  alcohol  was 
obtained  in  the  form  of  a  mixture  of  stereoisomers  whose  separation  was  not  undertaken. 

1-Ediy  1-2- phenylcyclopentene  was  prepared  by  dehydration  of  174,8  g  of  1-ethyl- 2- phenyl- 2-cyclopentanol 
(yield  114.5  g  or  12.4%)  in  the  form  of  a  mixture  of  the  two  possible  isomers  (Xllc)  and  (XIIlc): 

B.p.  94.5-95*  (4  mm),  n^D  1.5522,  d”^  0.9588;  MR^  57.42.  CjijHie  Calculated  55.97. 

Found  C  90.75,  90.54;  H  9.54,  9.17.  Calculated ‘/o;  G  90.64;  H  9.36. 

1- Ethyl- 2- pheny Icy clopentane  was  prepared  by  hydrogenation  of  98  g  of  1-ethyl- 2- phenylcyclopentene. 
Constants  are  shown  in  Table  2. 


SUMMARY 

1.  A  study  was  made  of  the  oxidation  of  1- phenyl- 1-cyclopentene  by  pcrformic  acid.  It  was  shown  that 

the  main  products  of  oxidation  are  2- phenyl- l-cyclopentanone  and  y  -benzoylbutyric  acid.  Contrary  to  experience 
with  1-alkyl-l-cyclopentenes,  it  was  not  possible  to  isolate  the  monoformate  of  l-phenyl-l,2-cyclopentanedioI 
from  the  products  of  oxidation  of  1-phenyl-l-cyclopentene. 

2.  Oxidation  of  2-phenyl-l-cyclopentanone  under  the  same  conditions  leads  exclusively  to  formation  of 
y -benzoylbutyric  acid. 
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3.  1- Methyl- 2- phenylcyclopentane  and  1-ethyl- 2- phenylcyclopentane  were  synthesized  for  the  first 


time. 
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OXIDATION  OF  OLEFINS  BY  PERFORMIC  ACID 


A.  F.  Plate,  A.  A.  Mel’nikov,  and  A.  A.  Ovezova 
Moscow  State  University 

Translated  from  Zhuriial  Obshchel  Khlmii,  Vol.  30,  No.  4,  pp.  1256-1258,  April,  1960 
Original  article  submitted  April  3,  1959 


In  one  of  tire  preceding  communications  [1]  tlie  preparation  of  2-ethyI-,  2-n-propyl-  and  2-n-butyI-l- 
cyclopentanones  was  described  in  illustration  of  a  new  method  of  single-step  preparaJon  of  2-alkyl-l-cyclo- 
pentanones  by  oxidation  of  1- alkyl- 1-cyclopentenes  with  performic  acid. 

In  die  present  work,  this  method  was  applied  tc  the  preparation  of  other  unsymmetrical  ketones.  Single- 
step  oxidation  widi  performic  acid  of  3-ediyl-2-pentcne  and  of  ethylidene-,  n-propylidene-  and  n-butylidene- 
cyclopcntanes  gave  3-ethyl-2-pent.inone  and  metliyl-,  ethyl  and  n-propylcyclopentyl  ketones  in  yields  of 
65.2,  52.7,  50.2,  and  48.8  respectively. 


^(’,=(■,11- 


HCOOOIl  HCOOtl 


Y 


on 

.  I 

\c-cil— 

ocon 


-HCOOH 


Ncnco 
t-11,0 

OH 

^  I 

OH 


Ketones  can  be  obtained  both  after  separation  of  Intermediate  products  (except  a- oxides)  and  without 
their  separation,  in  a  single  step,  3-Ediyl- 2-f  entene  and  ethylidcnecyclopent  ine  were  oxidized  by  performic 
acid,  and  dien  the  formic  acid  and  water  were  distilled  off  at  reduced  pressure  to  enable  separation  of  tlie  mono- 
formates  of  the  glycols.  Yields  of  monoformates  of  3-et]iyl-2,3-pcntanediol  and  of  l-(l-etliylol)-l-cyclo- 
pentanol  were  44.6  and  46*70,  respectively.  Hydrolysis  of  die  monoformates  gave  3-ethyl-2,3-pentanedlol  and 
l-(l-ethylol)-l-cyclopentanol.  Dehydration  of  these  widi  85*7o  formic  acid  led  to  formation  of  3-ethyl- 2- 
pentanone  and  mediylcyclopcniyl  ketone  respectively  in  yields  of  up  to  10%,  All  the  prepared  ketones  were 
characterized  as  die  seniicarbazones  and  2,4-dinitrophenylhydrazones.  The  constants  of  the  ketones  and  of  their 
derivatives  ate  set  fordi  in  Table  1,  and  those  of  the  glycols  and  their  monoformates  in  Table  2. 

The  previously  proposed  single-step  syndiesis  of  ketones  can  accordingly  be  employed  preparatively  not 
only  for  the  synthesis  of  2-alkyl-l-cyclopentanones  but  als  -  for  syndiesis  of  unsymmetrical  aliphatic  ketones 
with  a  branched  carbon  chain,  alkylcyclopentyl  ketones,  etc.  An  advantage  of  this  method  is  that  no  difficulties 
ate  involved  in  oxidation  of  the  unsaturated  hydrocarbons  and  in  isolation  of  the  ketones  wliich  ate  obtained  in  a 
sufficiently  pure  form  and  in  good  yields.  The  only  serious  difficulty  might  be  the  preparation  of  the  starting 
unsaturated  hydrocarbons. 


EXPERIMENTAL 

3-Ethyl-2-pentene  was  prepared  by  the  method  of  [2]  and  had  the  following  properties: 
B.  p.  94.9*  (744  mm),  n^D  1.4149,  d“4  0.7206,  MRp  34.11;  calc.  34.06. 
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Wc  have  already  described  [3]  the  starting  substances  for  oxidation  —  etliylldene-,  n-propylidene-  and 
n-butylidenccyclopcntanes. 

Oxidation  of  hydrocarbons  witli  performic  acid.  3-Ethyl-2-pentene,  etliylldene-,  n-propylidene-  and 
n-butylidcnecyclopentancs  were  oxidized  wiili  a  mixture  of  85*70  formic  acid  and  30*7)  hydrogen  peroxide  by  the 
same  procedure  as  for  oxidation  of  1-alkyl- 1-cyclopentenes. 

Tile  ketones  —  3-eihyl-2-pentanonc,  methyl-,  ethyl-  and  n- propylcyclopentyl  ketones  —  were  obtained 
in  a  single  step  by  disiilliiig  off  die  formic  acid  and  water  at  atmospheric  pressure  from  the  products  of  oxidation 
of  tlie  respective  unsaturaied  hydrocarbons  [Ij  (Table  l). 

Tlie  monoformates  of  3-etliyl- 2,3-pentanediol  and  l-(l-etliylol)-l-cyclopentanol  were  obtained  by  distilling 
off  tlie  formic  acid  and  water  from  tlie  products  of  oxidation  of  the  corresponding  unsaturated  hydrocarbons  at  a 
residual  pressure  of  40-45  mm.  They  were  tlien  saponified  to  the  glycols  (Table  2). 

Dehydration  of  the  glycols.  Dehydration  of  3- ethyl- 2,3-pentanediol  and  l-(l-ethylol)-l-cyclopentanol 
by  boiling  witli  85'’/o  formic  acid  gave  3-ethyl-2-pentanone  and  methylcyclopentyl  ketone  respectively  in  a  yield 
of  up  to  70*70. 


SUMMARY 

Tlie  oxidation  of  3-ethyl-2-pentene  and  of  etliylidene- ,  n-propylidene-  and  n-butylldenecyclopentanes 
with  performic  acid  was  studied.  Tliis  method  led  In  a  single  step  to  3-ethyl-2-pentanone,  methyl-,  ethyl- 
and  n- propylcyclopentyl  ketones  in  yields  of  49-G57o;also  to  3-erhyl-2,3-pcntanedlol  and  l-(l-cthylol)-l- 
cyclopentanol  and  tlieir  mrmoforniates.  EK  hydration  of  these  glycols  does  not  Involve  a  change  in  the  carbon 
framework,  and  die  corresponding  ketones  are  formed. 
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DERIVATIVES  OF  6-DlCARBONYL  COMPOUNDS 
II.  SYNTHESIS  OF  2,4-SUBSTITUTED  PYRIMIDINES 

V.  T.  Klimko,  V.  A.  Mikhailev,  and  A.  P.  Skoldinov 
Institute  of  Pliarinacology  and  Chemotherapy,  Academy  of  Medical  Sciences 
of  the  USSR 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1258-1264,  April,  1960 
Original  article  submitted  April  1,  1959 


In  this  communication  we  consider  the  possibility  of  using  fl-chlorovinyl  ketones  and  some  of  their  trans¬ 
formation  products  for  synthesi':  of  compounds  of  the  pyrimidine  series  containing  a  free  or  substituted  amino 
group  in  the  2  position  and  an  alkyl  or  aryl  radical  in  the  4  position  of  the  pyrimidine  ring  [1]. 

Pyrimidinic  derivatives  of  this  type  were  previously  obtained  by  condensation  of  guanidine  compounds  with 
sodium  salts  of  formyl  ketones  [2]  or  acylacetic  esters  [3J;  in  the  latter  case  additional  steps  were  needed  - 
transformation  of  the  resulting  4-hydroxypyrimidines  into  the  corresponding  4-chloropyrImidines  followed  by 
dchalogenation  [4J.  fl-Chlorovinyl  ketones  have  recently  become  readily  accessible  substances;  these  are 
functional  derivatives  of  tlie  enolic  forms  of  6 -formyl  ketones  and  are  obtained  by  reaction  of  acid  halides  with 
acetylene  [5J  or  vinyl  chloride  [6J  in  presence  of  Friedel  — Crafts  catalysts.  The  greater  reactivity  of  8-chloro- 
vinyl  ketones  enables  them  to  be  widely  used  for  syntliesis  of  various  types  of  aliphatic,  alicyclic  and  heterocyclic 
compounds  [7J. 

We  have  shown  that  fl-chlorovinyl  ketones  (I)  can  be  successfully  used  for  the  synthesis  of  a  cyclic  pyrimidinic 
system  (see  [1]),  Reaction  of  these  compounds  with  guanidine  (II,  a)  in  presence  of  hydrogen  chloride-binding 
agents  or  in  a  medium  of  concentrated  sulfuric  acid  gave  4-substituted  2-aminopyrimidlnes  (III,  a).  Similar 
reactions  take  place  between  8 -chlorovinyl  ketones  and  N-substituted  guanidines  [for  example  N-phenylguanidine 
(II,  c)  or  N-sulfanylguanidine  (ll,d)j  and  benzamidine  (11,  b);  in  the  latter  case  4- substituted  2-phenylpyrimidlnes 
(III,  b)  ate  formed. 


R 

nc  0  HjN 

hJ!  i-R' 

\:i  HN^ 


-IICI 

-11,0 


A 

hH  Lr' 


1) 


(11)  (III) 

K  B  Aik  or  Ar 
a)  U'  =  NH,. 
n)  It'  ea  C»H,, 

H'  =  NUC,II., 

R'  =  NllSU,C,H.Nll,-p. 


We  established  subsequently  that  some  derivatives  of  8 -chlorovinyl  ketones,  for  example  8 -dialky lamlno- 
vlnyl  ketones  (IV,  a)  [8],  trialkylketoalkenylammonium  salts  (IV,  b)  [9]  or  8 -alkoxyvinyl  ketones  (IV,  c)  [10], 
can  be  used  for  preparation  of  pyrimidinic  compounds  of  the  type  of  Interest  to  us  (the  reaction  with  guanidine 
was  investigated).  In  all  cases,  interaction  probably  proceeds  via  the  step  of  nucleophilic  substitution  of  dialkyl 
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amino,  trialkylammonlum  or  alkoxy  groups  In  die  vinyl  position,  activated  by  conjugation  with  the  carbonyl 
group.*  Similar  reactions  occur  with  acetals  of  a- formyl  ketones  RCOGH2CH(OAlk) 2  (V);  this  reaction  may 
proceed  through  intermediate  formation  of  8 -alkoxy vinyl  ketones  (IV,  c), 

ncocn  =  ciix. 

(IV)  a)  X  =  N{Alk),. 

bi  \  =  N(Alk),ci-, 

C)  X=OAlk. 

Typical  conditions  of  preparation  of  the  four  types  of  pyrimidinic  compounds  widi  the  help  of  various 
6-ketovinyl  derivatives  are  specified  in  the  experimental  part.  Yields  and  properties  of  the  compounds  prepared 
are  set  ^ottli  in  Tables  1-4. 

TABLE  1 


n 

I 

4-Substituted  2- Aminopyrlmidines  I  N 


Method 
of  pre¬ 
paration* 

Yield 

Melting  point 

u 

Empirical  ^ 

formula 

our  data 

literature  data 

(A) 

56.0 

(B) 

55.0 

!  158-159° 

159-160°  IM 

Cll;, 

Cr,ll7N3 

(C) 

80.3 

(D) 

64.0 

(F) 

82.5 

Cojls 

C0II9N3 

(A) 

64.5 

136 

1/,('_141  [2. 

n  -C3II7 

C7niiN3 

(A) 

8(i.9 

122—123 

122-123  [2| 

iso  -C^Ilft 

C,H,3N3  { 

CA) 

(C) 

71.0 

66.2 

1  118-119 
* 

119(15] 

n  .-Crjllll 

CfillisNa 

(A) 

60.6 

89—90 

90(15] 

Cells 

1  CiqIIoNs 

f 

\ 

(A) 

(D) 

60.0 

23.3 

j  160-161 

165  (2) 

P-O2NC0H4 

c,on»02N4 

(A) 

63.0 

170-171  •• 

o-nrCell4 

Ciollsl'^sll'' 

(E) 

89.2 

163— 164 

p  -CllaOCoH^ 

CiiHiiONs 

(A) 

59.7 

189-190 

185-187  (2| 

•  Methods  of  preparation  (see  Experimental):  (A)  interaction  of  8-chlorovlnyl  ketones 
widi  guanidine  in  sulfuric  acid;  (B)  the  same  in  an  alkaline  medium;  (C)  from  acetals 
of  acylacetaldehydes;  (D)  from  quaternary  (8 -acylviuyl)- ammonium  salts;  (E)  from 
8-acylvlnyl  ethers;  (F)  from  methyl-8 -diethylaminovinyl  ketone. 

••  Found N  25.92,  25.68.  Calculated  <Vo:  N  25.92. 

•••  Found  %;  N  16.94,  16.73;  Br  32.52,  32.42.  Calculated ‘7o;  N  16.80;  Br  32.00. 


•  Other  cases  of  nucleophilic  substitution  of  group  X  In  compounds  of  type  (IV)  have  been  repotted  in  the 
literature,  for  example  the  interaction  of  8-dlalkylaminovlnyl  ketones  (IV,  a)  with  hydroxylamlne  [8]  and  the 
preparation  of  8-cyanovinyl  ketones  [11]  or  of  products  of  ketovinylaticn  of  ethoxymagncsiummalonic  ester  (12] 
with  the  help  of  quaternary  trialkyl-8 -ketoalkenylammonium  salts  (IV,  b).  The  employment  of  compounds  of 
the  type  of  (IV)  and  (V)  for  synthesis  of  pyrimidines  unsubstituted  in  the  2  position  has  been  described  [13];  In 
this  case,  however,  very  much  more  drastic  conditions  were  needed  (prolonged  heating  with  formamlde  at  180*). 
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TABLE  2 


R 

1 

4-Substiiuted  2-Phenylpyrimidlnes  ||  N 


R 

Empirical 

formula 

Yield 

<7o 

Temperature 

D 

®/oN 

of 

melting 

our  data 

litera¬ 
ture  da 

CH3 

Cn  M10N2 

62 

25°  * 

275-279°  (760) 

C12II 

.35.2 

13.5—140(5) 

1.0803 

1..5840 

15.08,  15.06 

15.21 

n*  C3II7 

Cjoil  14N2 

40.6 

1.53—1.55(10) 

1.0.501 

1..5795 

14.04.  14.18 

14.14 

Colls 

CioIIl2^'2 

5.3.6 

71—72  *• 

197-198(5) 

12.13,  12.22 

12.05 

•  Nitrate,  m.  p.  113*.  Literature  daia[lG]:  base,  m.  p.  22.5*;  nitrate  m.  p.  113*. 
••  Literature  data  [17J;  m.  p.  58-59*,  b.  p.  190-194*  (3  mm). 


TABLE  3 


R 

I 

4-Substltuted  2- Amiuophenylpyrimidines  ^ 

M-Niir.n, 


R 

Empirical  formula 

Method  of 
oreparation 

I 

Yield 

,  CJo) 

Temperature 

*/oN 

melting 

point 

boiling 
point 
(pressure 
in  mm)  ' 

found 

calc. 

'  'i 

CH3 

r  '  ^  - . 

C,,I1,,N;, 

(A) 

.54.0 

92—93°  *• 

22.8.3.  22.86 

22.70 

02116 

C12II  inNs 

(A1 

42.2 

.55-.5n 

165°  (5) 

21.17,  21.17 

21.10 

n  -Call; 

i'i3 1 1 

(A) 

53.7  ! 

54-.5.5 

177(8) 

19.22,  19.86 

19.71 

iso-C^IIj) 

C  H  1 1 1 7  3 

(B) 

74.8 

49-.50 

18.5.5,  18.45 

18..50 

n  -C5II,, 

CisHjnNvIINOi*** 

(B) 

'  70.2 

18.39,  18.38 

18.42 

C0II.6 

CmoU  13N3 

(B) 

72.8 

137—138 

16.63,  16.74 

16.97 

•  Method  of  preparation  (see  Experimental):  (A)  by  reaction  of  fl-chlorovlnyl  ketones 
with  N-phenylguanidine;  (B)  from  acetals  of  acylacetaldehydes. 

••  Literature  data  [18]:  m.  p.  92-93®. 

***  Isolated  as  the  nitrate. 

EXPERIMENTAL 

4- Subs titute d  2- Aminopyrimidines  (Table  l)* 

A)  Reaction  of  6-chlorovinyl  ketones  with  guanidine  in  sulfuric  acid.  2- Amino-4-n-amylpyrimidine. 
To  30  ml  of  H2SO4  (d  1.84)  was  gradually  added  (widi  cooling  and  stirring)  6  g  of  guanidine  sulfate,  and  then 

•  Melting  points  given  in  ilie  text  and  tables  are  corrected. 
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TABLE  4 


11 

N 

4-Substitutcd  2-Sulfanilaminopyrinudincs  /Nil, 


1 

1 

\i 

\ 

\ 

1 

1 

Empirical 

1  formula 

Yield^ 

1 

Melting  point 

.  .  ,  !  literature 
our  data*  j 

'  data 

Cl  I, 

1 

i  C„11,,0.>N^S 

1  1 

1  50.0  ' 

231—232° 

231-232°  ['nj 

Cill-, 

'  C121 1  id 

:  57.0 

240-241 

242  |‘5j 

n  -C;,!!; 

C-isll 

1  51.5  1 

!  216-217 

217—218  po) 

ISO 

Cl4  II  lsO_,\4S 

32.2  j 

1  227—228 

1  232  (>!^1 

n  -C5II,, 

1  Ci-,ll20*>2i''4^ 

2;  >.4 

1  225-226 

226  li-'j 

Cull.', 

C,nllH02N4S 

23.0 

261—262 

264  |i5j 

*  The  capi’.lary  was  inserted  in  an  apparatus  whose  temperature  was  30* 
below  the  melting  point  of  the  substance  • 

8  g  of  n-amyl-  0-chlorovinyl  ketone  [6J  was  added  at  15-20*.  The  reaction  mixture  was  heated  for  2  hours 
with  gradual  rise  of  temperature  to  90-95*;  HCl  started  to  come  off  at  40".  The  cooled  reaction  mixture  was 
poured  onto  ice,  the  solution  was  neutralized  with  chalk,  the  precipitated  CaSO^  was  filtered  off,  and  the  filtrate 
was  acidified  wiili  IICl  and  concentrated  in  vacuo  to  a  volume  of  100  ml.  To  the  residue  was  added  solid  NaCXl; 
a  precipitate  came  down.  Yield  5  g  (GO.G  '7''):  ni.  p.  89-90*  (from  30%  alcohol). 

B)  By  the  action  of  fl -chlorovinyl  ketones  on  guanidine  nitrate  in  an  alkaline  medium.  2-Amino-4- 
inetltylpyriniidine.  To  a  solution  ol  8.4  g  of  NaOil  in  50  ml  of  methanol  was  added  (with  stirring)  13.4  g  of 
guanidine  nitrate;  thereupon  in  the  course  of  1.5  hours  10.4  g  of  methyl-B -chlorovinyl  ketone  was  introduced 
at  10-15*.  The  mixture  was  stirred  for  5  hours  on  a  boiling  water  bath.  After  the  methanol  had  been  distilled 
off,  tlie  residue  (heated)  was  extracted  with  chloroform  and  tire  solvent  was  evaporated.  Yield  6  g  {b5%); 
m.  p,  158-159*  (from  alcohol). 

C)  From  acetals  of  acylacctaldehydes.  2- Amino-4-isohutylpyrimidine.  To  a  solution  of  7.2  g  of  KOH 
in  90  ml  of  dry'  alcohol  was  added  (with  cooling)  17  g  of  isobutyl-  8 -chlorovinyl  ketone  [6J.  After  24  hours,, 
the  precipitated  KCl  was  filtered  off,  die  alcohol  was  driven  off,  and  the  residue  distilled  in  vacuo  to  give  14.6  g 
(G2.1'7o)  of  isovaleroylacetaldehyde  diethylacetal  (see  [10]). 

B.  p.  92*  (7  mm),  n^D  1.4520,  d^'’4  0.9204,  MRq  5G.19;  calc.  56.29. 

A  mixture  of  10.1  g  of  acetal  and  4.5  g  of  guanidine  carbonate  was  heated  for  4  hours  on  a  boiling  water 
bath.  After  cooling,  die  mixture  was  dissolved  in  chloroform  and  filtered.  Removal  of  die  chloroform  left  5  g 
(GG.2'7o)  of  product;  m.  p.  118-119"  (from  aqueous  alcohol). 

D)  From  quaternary  (fl -acylvinyO-ammonium  salts.  2- Amino-4-phenyIpvrimidine.  A  mixture  of  2.6  g 
of  N-(fl-benzoylvinyl)-pyridinium  chloride  [9],  0.9  g  of  guanidine  carbonate  and  50  ml  of  metlianol  was  heated 
for  6  hours  on  a  boiling  water  bath;  the  methanol  was  taken  off  in  vacuo,  the  residue  was  dissolved  in  \0%  HClj, 
die  acetophenone  resulting  from  secondary  reactions  was  extracted  with  ether,  and  die  aqueous  solution  was  made 
alkaline  and  extracted  widi  chloroform.  Yield  0.4  g  (23.3'7o):  ni.  p.  160-161*. 

E)  From  8-acylvinyl  ethers.  2- Amino- 4- (o-brornophenyl)- pyrimidine.  A  solution  of  12  g  of  o-bromo- 
phenyl-5 -chlorovinyl  ketone  [GJ  in  25  ml  of  edianol  was  stirred  dropwise  into  a  cooled  solution  of  3  g  of  KCXI 

in  50  ml  of  dry  edianol.  After  12-hours’  standing,  die  precipitated  KCl  was  filtered  off,  the  alcohol  was  distilled 
off,  and  die  residue  was  fractionated  in  vacuo.  Yield  of  8 -(o-broniobenzoyl)-vinylethyl  edier  10  g  (80.6 

B.  p.  150-153*  (3  mm),  d^4  1.4110,  n^°D  1.5612,  MRj)  58.56;  calc.  58.35. 

Found Br  32.50,  32.60.  CiiHii02Br.  Calculated  Br  32.12. 
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214  g  of  sulfanylguanidinc.  Afterward  - 104.5  g  of  rnetliyl-fl-chlorovinyl  ketone  was  added  gradually  at  50-60*. 
The  mixture  was  stirred  for  5  hours  at  the  boiling  point  of  methanol.  After  cooling,  the  precipitate  was  filtered 
off,  dissolved  in  1500  ml  of  hot  water,  filtered  in  presence  of  carbon,  and  treated  witli  lO^o  liCl  (to  pil  7). 

Yield  132  g  (50%  calculated  on  tlie  6 -chlorovinyl  ketone);  m.  p.  231-232*.  Unreacted  sulfanylguanidinc  was 
recovered  (90  g)  after  evaporation  of  the  methanol. 

SUMMARY 

1.  Reaction  of  0 -chlorovinyl  ketones  witli  guanidine,  N-phcnylguanidine,  sulfanylguanidinc  or  bcnzamidinc 
is  a  convenient  route  to  pyrimidlnic  compounds  substituted  in  the  2  and  4  positions. 

2.  In  these  reactions  tlie  place  of  3 -chlorovinyl  ketones  can  be  taken  by  acetals  of  acylacetaldehydes, 
0-dialkylaminovinyl  ketones,  quaternary  0 -acylvinylammonium  salts  or  0-acylvinyl  ethers. 
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MASS-SPECTROSCOPIC  INVESTIGATION  OF  SOME  HOMOLOGS 
OF  TETRAHYDROTHIOPHENE 

K.  I.  Zimina,  A.  A.  Polyakova,  R.  A,  Khmel’nitskil , 
and  R,  D,  Obolentsev 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1264-1268,  April,  1960 
Original  article  submitted  March  28,  1959 


Mass- spectroscopic  investigation  of  homologous  series  of  various  compounds  is  of  interest  both  as  a  means 
of  clarifying  tire  analytical  possibilities  of  tire  method  and  for  establishing  tire  special  features  of  interaction 
of  molecules  with  electrons.  The  values  so  obtained  are  unique  molecular  constants.  According  to  modern 
ideas  about  tire  mechanism  of  dissociative  ionization,  mass  spectra  are  directly  associated  with  molecular 
structure.  The  first  step  in  the  process  is  the  loss  of  an  electron  from  the  molecule  (formation  of  a  molecular 
ion);  the  second  is  tire  breakdown  of  the  molecular  ion  which  proceeds  in  several  directions  simultaneously. 

The  predominating  processes  are  those  requiring  the  least  expenditure  of  energy,  and  tire  distribution  of  ionic 
intensities  in  mass  spectra  is  determined  mainly  by  tlie  magnitude  of  the  bond  energy  in  the  molecule.  The 
presence  in  a  molecule  of  groupings  stable  to  electron  bombardment  or  of  weakened  bonds  between  atoms  leads 
to  formation  of  fragment  ions  and  to  the  appearance  of  characteristic  peaks  in  the  spectrum.  Extensive  investi¬ 
gations  of  tlie  mass  spectra  of  homologous  series  of  various  organic  compounds  [Ij  have  eiubled  the  fundamental 
relations  between  mass  spectra  and  molecular  structure  to  be  established  and  opened  the  way  to  utilization  of 
the  mass-spectrometric  method  for  the  qualitative  identification  and  quantitative  analysis  of  tlie  compounds 
concerned. 

Relatively  little  work  has  appeared  on  the  mass  spectra  of  sulfur  compounds;  only  the  tlilophene  series 
has  been  closely  studied.  As  would  be  expected,  the  spectral  characteristics  of  thiophenes  are  similar  in  many 
respects  to  those  of  alkylbenzenes  [2]. 

In  this  paper  we  submit  tlie  results  of  a  mass- spectroscopic  investigation  of  a  homologous  series  of  a- 
alkyltetrahydrothiophenes  containing  radicals  of  normal  structure  with  chain  lengths  of  Cj  to  C^. 

The  MS-1  instrument  was  used  in  the  work.  We  previously  [3J  described  a  modification  of  this  instmment 
for  use  in  analysis  of  hydrocarbon  gases.  A  number  of  fresh  problems  arose  when  the  mass- spectroscopic  technique 
was  extended  to  the  examination  of  compounds  of  higher  molecular  weight  (above  80)  as  well  as  of  substances 
with  high  adsorptivity.  These  problems  include  primarily  the  introduction  of  liquid  samples  into  the  admission 
system,  adsorption  on  the  walls  of  the  apparatus  and  the  influence  of  the  temperature  of  tlie  ion  source  on  the 
constancy  of  intensity  distribution  in  the  spectra.  Adsorptive  phenomena  gave  rise  to  "memory*  of  the  apparatus 
with  consequent  distortion  of  the  spectra  and  analytical  errors.  Memory  was  eliminated  and  the  stability  of 
measurements  was  improved  with  the  help  of  a  heating  system  for  the  inlet.  The  ion  source  and  the  analyzer 
of  the  mass  spectrometer  were  also  thermostated. 

The  charging  system  comprised;  a)  A  four- liter  vessel  to  ensure  constant  pressure  of  the  sample  during 
investigation;  b)  diaphragms  with  10-20  p  openings  through  which  the  gas  was  admitted  to  the  ion  source  in 
a  molecular  stream;  c)  diffusion  and  mechanical  pumps;  d)  test-tubes  for  introduction  of  samples  with 
ground-glass  connections;  e)  metal  shut-off  valves.  The  optimum  working  temperature  was  established  by 
investigation  of  tlie  temperature  dependence  of  the  intensities  of  the  analytical  peaks  in  the  spectra  of  various 
mixtures.  It  was  found  that  maximum  stability  and  reproducibility  of  the  mass-spectrometric  measurements 
was  attained  at  125-150*. 
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The  mass  spectra  of  a-alkyltetrahydrothiophenes  were  investigated  under  the  following  working  conditions: 
accelerating  voltage  2500  v,  emission  current  1.6  ma,  electron  ionization  energy  70  v,  temperature  of  the  in¬ 
flow  system  of  the  ion  source  and  analyzer  125  ±  1*. 

The  mass  spectra  were  analyzed  by  changing  the  voltage  of  the  magnetic  field  with  the  help  of  a  specially 
constructed  device  ensuring  smooth  spectral  tracing  in  the  range  of  masses  up  to  300, 

Mass  spectra  of  a- methyl-,  a-ethyl-,  a- propyl-,  a- butyl-,  a-amyl-  and  a-hexyltetrahydrothiophenes 
were  plotted.  The  mass  spectra  of  tetrahydrothiophene  and  a-metliyltetrahydrothiophene  have  already  been 
published  in  the  American  Petroleum  Institute's  catalog  of  mass  spectra;  those  of  the  remaining  homologs  were 
here  obtained  for  the  first  time.  The  distribution  of  intensities  in  the  spectra  of  tetraliydrotliiophene  derivatives 
is  set  forth  in  Table  1.  The  intensities  of  the  ionic  currents  are  expressed  as  percentages  of  the  highest  peak  in  the 
spectra. 

TABLE  1 


Distribution  of  Intensities  in  Mass  Spectra  of  Tetrahydrothiophenes 


Masses  and  possible 
composition  of 
fragment  ions 

Tetra- 

itydio- 

thio- 

phene 

a -Methyl - 
tetrahydro- 
thiophene 
(M  102) 

- - — , 

0) 

1  = 

ui-T'  1 

-Hexyltet- 

-Butyltetra- 

othiophene 

1441 

1 

cQO) 

t)C 

a)« 

Ss 

(UU 

fis 

if 

1  • 

1  • 

i 

i 

f  ■?  « 

15  cn  ,♦ 

3.0 

11.6 

3.7 

4.2 

6.5 

0.6 

2ii  CiU.,^ 

6.1 

1.03 

7.6 

4.4 

2.6 

1.8 

5.5 

2.2 

27  C.lla^ 

21.0 

17.1.3 

.30.0 

26.9 

21.6 

18 

206 

16.3 

31) 

1 1.0 

19..', 

36.5 

26.6 

19.8 

13.9 

16.0 

10.0 

41  C3IIS+ 

10.0 

33.7 

41.8 

33.3 

25.0 

23.6 

35.4 

22.5 

3.8 

.3.26 

6.1 

.5.2 

3.4 

7.1 

4.0 

2.5 

43  C->M7'^;rearrange. 

1.9 

().8!it; 

2.9 

2.1 

2.0 

2.7 

10.6 

6.8 

45  C1IS+ 

36.8 

32.5 

2S,(t 

34.2 

23.7 

17.3 

13.2 

10.1 

46  CHoS^ 

31.9 

8.96 

11.1 

8.5 

3.8 

2.2 

1.4 

1.0 

47  rearrangement 

26.0 

11 

10.6 

10.1 

9.2 

6.1 

5.2 

4.3 

53  C4H5^ 

4.6 

7.21 

11.1 

12.3 

8.6 

7.1 

12.0 

5.3 

54  C4Mo-^ 

1.3.0 

'.75 

2.1 

3.9 

3.7 

2.2 

3.4 

2.6 

55  C4II7+ 

12.0 

11.2 

28.0 

12.4 

1.3.2 

9.0 

16.6 

9.5 

56  C2S+;  €411^+ 

0.64 

4.5 

5.4 

1.7 

1.2 

0.7 

3.4 

1.4 

57  CoHS-*-;  C4ll.,^- 

2.74 

1.77 

1.9 

0.8 

0.3 

0.5 

6.3 

1.5 

5S  C2II2S+ 

8.22 

6.31 

9.8 

6.9 

4.3 

2.5 

1.4 

1.5 

59  C>n3S+ 

17.6 

20.1 

26.8 

17.0 

11.7 

8.7 

6.0 

4.9 

60  0,1!  4S 

IOO 

19.2 

18.5 

9.3 

.5.2 

4.1 

4.5 

2.9 

61  re'arrangement 

4.12 

7.52 

6.9 

5.7 

3.1 

2.2 

3.4 

1.8 

67  Cr,n7-' 

4.40 

5.38 

9.0 

14.3 

9.2 

6.8 

10.8 

6.7 

68  Cr,IO+:  C3S+ 

0.16 

6.03 

6.6 

1.2 

2.2 

2.4 

4.3 

2.9 

6!)  C^IIS-' 

0.58 

3.49 

3.6 

3.1 

1.1 

1.5 

7.1 

3.7 

71  C^Slh+i 

— 

1.60 

1.6 

2.1 

1.5 

1.2 

3.4 

■1.2 

73  CalljS^ 

— 

.3.09 

3.7 

4.7 

3.1 

1.9 

2.5 

1.4 

81  C4HS+ 

0.18 

0.1 

1.3 

2.4 

4.2 

6.3 

3.0 

85  C4H4Sn  CgMm" 

2.82 

3.01 

5.0 

6.7 

5.9 

4.9 

4.5 

3.1 

87  041178+ 

15.9 

100 

100 

100 

100 

100 

100 

100 

88  C4IUS+ 

53.5 

5.0 

4.5 

6.1 

5.5 

5.6 

.5.5 

5.9 

101  r,l!..C4H7S'- 

4.21 

3.7 

15.0 

16.3 

10.2 

22.0 

4.8 

102  Cll 

•i2.4 

43.3 

1.7 

0.6 

0.15 

— 

0.5 

115  0,114041175+ 

0.6 

0.7 

0.8 

116  O2H5C4H7S+ 

28.5 

0.6 

0.1 

129  C3H0C4H7S+ 

0.3 

0.1 

5.6 

130  C3H7(:4H7S+ 

3.51 

18.3 

0.5 

143  C4IIJ.C4II7S+ 

0.6 

144  C4H, ,041175+ 

14.0 

0.1 

158  Cr,H,iC4H75+ 

12.78 

171  Cull, .,0411:5+ 

0.2 

172  OoH, 30411:5+ 

j 

8.8 

•  American  Petroleum  Institute  data. 

••  Data  of  Scientific  Research  Institute  of  the  Petroleum  Industry. 
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In  the  mass  spectra  of  all  of  the  a-alkylteuahydrothiophenes  investigated  the  highest  peak  is  tiiat  of  mass 
87,  conesponding  to  formation  of  the  tetrahydrothiophene  ion  due  to  detachment  of  the  alkyl  radical. 


\o/ 


G  C 

A  considerable  number  of  ions  of  the  type  of  v  .  ’  are  present  in  die  mass  spectra  of  tetrahydrothiophene 


and  methyltetrahydrothiophene  due  to  rupture  of  the  tetrahydrodilophenc  ring;  with  increasing  length  of  side- 
chain  their  relative  number  decreases,  evidently  in  consequence  of  the  stabilizing  influence  of  die  alkyl  radical. 


Another  noteworthy  feature  is  the  regular  relative  fall  in  in¬ 
tensity  of  the  molecular  ions  with  increasing  molecular  weight  of 
the  tetrahydrothiophenes  (Fig.  l). 

The  resistance  of  the  molecules  to  electron  bombardment  is 
expressed  as  the  breakdown  probability  W2  [4J  and  Is  calculated 
from  the  formula 


(1  -  Wz)  = 


^^frag _ 

^^^frag  ^mol^ 


No.  of  carbon  atoms  in 
side- chain 


where  Ifj-ag  are  the  intensities  of  fragment  and  molecular* 

ions,  respectively. 


Fig.  1.  Stability  characteristics  of 
a-alkyltetrahydrothiophenes. 

also  observed  with  other  classes  of 
depending  on  die  structure. 


The  fail  in  stability  with  increasing  number  of  carbon  atoms 
in  die  side  chain,  characterizing  a-alkyltetrahydrothiophenes,  is 
organic  compounds.  However,  the  curves  can  vary  slightly  in  form 


The  sensitivity  of  die  investigated  compounds  was  characterized  by  theratiosof  the  molecular  and  highest 
peaks  in  die  spectrum  of  the  investigated  substance  and  of  benzene.  Values  of  the  coefficients  of  relative  sen¬ 
sitivity  of  molecular  and  maximum  peaks  are  presented  in  Table  2.  The  observed  regularities  are  depicted 
graphically  in  Fig.  2.  The  first  member  of  the  series  (tetrahydrothiophene)  has  the  lowest  sensitivity  of  the 
molecular  ion;  introduction  of  a  methyl  radical  considerably  increases  die  relative  sensitivity  but  the  value 
declines  linearly  with  increasing  length  of  side- chain. 


TABLE  2 

Coefficients  of  Relative  Sensitivity  of  Tetrahydrothiophene  and  a- Alkyltetrahydrothiophenes 


Coefficients  of  Relative  Sensitivity 


Compound 

of  molecular  ions 

of  highest  peaks 

1* 

2** 

1* 

2** 

Tetrahydrothiophene 

- 

0.185 

0.345 

a-  Methyltetrahydrothiophene 

0.318 

0.254 

0.73 

0.61 

a-  Ediyltetrahydrothiophene 

0.274 

- 

0.96 

- 

a-Propyltetrahydrothiophene 

0.240 

- 

1.31 

- 

a-Butyltetrahydrodiiophene 

0.185 

- 

1.32 

- 

a-Amyltetrahydrothiophene 

0.170 

- 

1.33 

-- 

a-Hexyltetrahydrothiophene 

0.105 

— 

1.30 

— 

•  Data  of  All-Union  Scientific  Researdi  Institute  of  the  Petroleum  Industry. 

••  American  Peuoleum  Institute  data. 
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>  Tlie  sensitivities  of  the  highest  peaks  of  the  spectra  change  in  a  somewhat  different  manner:  at  first  the 

sensitivity  increases  with  increasing  chain  length  and  then  reaches  a  nearly  constant  value.  Extrapolation  of  the 
curve  in  the  direction  of  zero  number  of  carbon  atoms  in  the  side-chain  gives  a  sensitivity  for  teualiydrothio- 
phene  close  to  tlie  literature  value. 

The  total  ionization  of  alkyltetrahydrothiophenes  is  directly  related  to  the  mass  spectra  and  sensitivities 
of  the  compounds.  Investigations  on  various  types  of  hydrocarbons  show  tliat  in  a  homologous  series  the  total 
ionization  increases  linearly  with  tlie  number  of  carbon  and  hydrogen  atoms.  The  magnitude  of  total  ionization 
of  isomers  sometimes  enables  calculation  of  all  of  the  isomers  as  one  group  in  analysis  without  identification  of 
individual  compounds  [5J.  Calculations  show  that  the  total  ionization  of  a-alkyltetraltydrotliiophenes  is  likewise 
directly  proportional  to  the  molecular  weight  and  is  constant  per  unit  of  molecular  weight  (Fig.  3).  The  cal¬ 
culated  and  experimental  values  of  total  ionization  are  in  good  agreement  (curve  2  of  Fig.  3).  Since  the  total 
ionization  is  one  of  tlie  most  general  mass-spectrometric  characteristics  (little  dependent  on  instrumentation 
factors),  it  can  be  used  for  die  structural- group  analysis  of  heterocyclic  compounds. 


DO 


'5  ^ 


No.  of  carbon  atoms  in  side-chains 

Fig.  2.  Influence  of  length  of  side-chain  in 
a- alkyltetrahydrothiophenes  on  the  magnitude 
of  die  relative  sensitivity  of  molecular  and 
fragment  ions,  l)  Sensitivity  of  molecular 
ionsj  2)  sensitivity  of  fragment  ions. 


Fig.  3.  Relation  between  total  ioniza¬ 
tion  of  a- alkyltetrahydrothiophenes 
and  molecular  weight,  l)  Total 
ionization  related  to  molecular  weight; 
2)  total  ionization  of  a-alkyltetra- 
hydrothiophenes.  (Circles  denote  ex¬ 
perimental  values,  rectangles  denote 
values  calculated  from  die  formula). 


Identification  of  a- alkyltetrahydrothiophenes  in 
mixtures  and  their  quantitative  mass-spectrometric 
determination  are  effected  on  the  basis  of  the  highest  peak  in  their  mass  spectra  (m/e- 87);  this  peak  is  usually 
not  intersected  by  the  spectra  of  other  compounds.  Individual  compounds  of  diis  series  in  isolated  cases  can  be 
determined  from  the  peaks  of  the  molecular  ions,  although  such  a  determination  is  very  much  less  sensitive. 
Determination  of  a-alkyltetrahydrothiophenes  in  mixtures  are  accurate  to  10-15 


SUMMARY 


1.  A  mass-spectrometric  investigation  was  made  of  the  first  members  of  the  a-alkyltetrahydrothiophene 
series  (C^  to  n-Cg  in  die  side-chain);  the  distribution  of  mass  intensities  in  the  spectra  was  established,  the 
relative  sensitivities  were  determined,  the  dependence  of  these  values  on  molecular  weight  was  examined,  and 
the  total  ionization  was  calculated. 

2.  The  possibility  of  structural  identification  and  of  qualitative  analysis  of  mixtures  of  a-alkyltetrahydro¬ 
thiophenes  was  demonstrated.  Quantitative  analyses  of  mixtures  are  accurate  (judging  by  preliminary  results) 
to  within  about  10-15  rel. 
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At  present  only  a  limited  number  of  electrophilic  substitution  reactions  are  known  for  isoxazole  (nitration, 
halogenation,  sulfonation,  chloromethylation),  in  which  it  is  noted  that  whenever  the  4-position  in  the  ring  is 
free,  substitution  takes  place  at  iliat  point  [1,  2].  Substitution  in  the  isoxazole  ring  is  more  difficult  to  carry  out 
than  in  the  benzene  ring  [2J.  Considering  the  limited  number  of  substitution  reactions  known  for  isoxazole,  an 
increase  in  tlie  range  of  such  reactions  is  both  of  basic  theoretical  and  of  practical  interest  in  the  field 
of  the  chemistry  of  heterocyclic  compounds.  With  this  in  view,  we  have  studied  the  mercurization  of  isoxazole 
derivatives,  which,  as  is  known,  proceeds  in  a  rather  unique  manner  for  compounds  of  an  aromatic  nature.  The 
sole  example  of  mercurization  of  tlie  isoxazole  ring  —  mercurization  of  5-phenylisoxazole  —  was  recently 
described  by  us  [1]. 

This  reaction  has  been  extended  by  us,  and  it  has  been  shown  that  both  alkylisoxazoles  (3-  and  5- methyl-, 
3,5-dimethylisoxazoles)  and  arylisoxazoles  (3-phenylisoxazole)  can  take  part  in  a  mercurization  reaction. 

In  each  case,  mercurization  is  carried  out  by  heating  the  isoxazole  compound  with  mercuric  acetate  in  a  solvent- 
free  system  on  a  water  batli.  Mercuric  acetates  (I),  high  yields  of  which  are  obtained  in  this  manner,  can  be 
readily  converted  into  mercuric  bromides  (II)  by  treatment  with  potassium  bromide. 


llgtococil,),  Kltr 

I!  ^  - >  li  II  - ' 

N  C— Hi  N  1{._. 

(I) 


His  llgHi 

"'C - O 

ii  11 

N  H-j 

(H) 


H,s  -Hr 

h: —  c/ 

11  n 

N  (.-IL, 

() 

(III) 


ft,  =  H,  CIl.,  cji,, 
U,  =  11.  rii  . 


It  should  be  noted  that  3-phenylisoxazole  is  mercurized  with  somewhat  greater  difficulty  than  5-phenyl¬ 
isoxazole  [1],  and  3-metliylisoxazole  with  greater  difficulty  than  5-methylisoxazole.  Mercurization  of  unsub¬ 
stituted  isoxazole  could  not  be  accomplished,  since,  on  heating  it  with  mercuric  acetate,  slow  oxidation  with 
formation  of  mercurous  salts  occurred.  It  is  of  interest  tliat  mercurization  of  isoxazoles  is  always  achieved  with 
somewhat  greater  ease  than  mercurization  of  benzene  derivatives  [3],  This  fact  shows  once  again  the  similarity 
of  the  isoxazole  to  the  pyridine  ring  [2],  which  is  known  to  be  mercurized  quite  successfully,  despite  its  con¬ 
siderable  ineruiess  to  electrophilic  substitution  reactions  [3].  Another  difference  between  the  mercurization  of 
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isoxazoles  and  that  of  aromatic  derivatives  is  the  constant  behavior  of  monosubstituted  isoxazoles  when  isomer- 
formation  is  possible;  in  every  case  of  mercurization,  only  a  single  substitution  product  is  obtained.  It  should 
be  emphasized  that  pyridine,  unlike  aromatic  hydrocarbons,  is  mercurized  in  a  similar  well-defined  manner  [3j. 

To  determine  the  structure  of  the  mercuric  derivatives  obtained,  we  studied  their  conversion  into  the 
corresponding  bromides  (III)  by  treatment  with  bromine  in  dlchloroe thane.  Bromides  obtained  from  the  mercuric 
derivatives  of  3-  and  5-methylisoxazoles  had  constants  agreeing  with  those  of  4-bromo-  3- methyl-  and  4-bromo- 
6-methylisoxazoles,  obtained  previously  by  direct  brominatlon.  The  bromide  obtained  by  treatment  of  the 
mercuric  derivative  of  3-phenylisoxazole  was  identical  witli  the  substance  obtained  by  direct  brominatlon  of 
3-phenylisoxazole.  Since  brominatlon  of  the  various  isoxazole  derivatives  proceeds  only  in  the  4- position,  the 
bromide  obtained  must  of  necessity  be  considered  4- substituted,  and  consequently  the  mercuric  derivative  must 
be  3- phenyllsoxazole- 4- mercuric  bromide  (see,  for  example,  [1,  2]). 


EXPERIMENTAL 

Mercurization  of  3-phenylisoxazole.  8.55  g  of  3-phenylisoxazole  was  heated  on  a  water  bath  with  18.5  g 
of  mercuric  acetate  until  a  transparent,  oily  substance  was  obtained.  23.6  g  (99*7o)  of  3- phenyllsoxazole- 4- 
mercuric  acetate  was  obtained,  no  crystallization  occurring  on  prolonged  storage.  The  substance  was  dissolved 
in  aqueous  dioxane  and  a  solution  of  7  g  of  KBr  in  aqueous  dioxane  added.  The  precipitate  deposited  was  filtered 
off  and  dried.  Yield  of  3- phenyllsoxazole- 4- mercuric  bromide  was  20  g  (80‘7o).  M.  p.  217-219*  C  (from  water); 
colorless  crystals. 

Found  C  25.62,  25.52;  H  1.71,  1.77.  CplIeONBrllg.  Calculated  C  25.50;  H  1.65. 

12.2  g  of  3- phenyllsoxazole- 4- mercuric  bromide  was  dissolved  in  dichloroethane,  4.6  g  of  bromine  added, 
and  boiled  until  colorless.  The  solvent  was  distilled  off  and  tlie  residue  extracted  witli  ether.  After  distilling 
off  tlie  ether,  4.5  g  (70^o)  of  4-bromo- 3-phenylisoxazole  was  obtained,  m.  p.  48-49*.  The  substance  did  not 
give  a  m.  p.  depression  with  4-bromo- 3-phenylisoxazole,  obtained  by  direct  brominatlon  of  3-phenylisoxazole. 

Brominatlon  of  3-phenylisoxazole.  A  mixture  of  8  g  of  3-phenylisoxazole,  9.4  g  of  bromine,  and  0.1  g 
of  powdered  iron  was  heated  at  110-130*  for  6  hours  until  evolution  of  hydrogen  bromide  ceased.  The  reaction 
mixture  was  diluted  witli  ether,  the  ethereal  solution  washed  with  Na2S203  solution,  water,  and  dried  witli  MgSO^. 
The  ether  was  distilled  off  and  the  residue  vacuum-distilled.  8.6  g  of  a  substance  with  b.  p.  127-130®  (5  mm) 
was  obtained,  from  which,  on  freezing,  was  tlien  obtained  3  g  of  4-bromo- 3- phcnylisoxazole,  m.  p.  45-47*. 
Yield  relative  to  3-phenylisoxazole  used  in  the  reaction  was  80%.  M.  p.  50-51*  (from  petroleum  ether). 

Found  %:  C  48.18,  48.23;  H  2.75,  2.77.  C^lgONllr.  Calculated  %:  C  48.24;  H  2.69. 

Mercurization  of  5-metliylisoxazole.  0.5  g  of  5-metliylisoxazole  was  heated  on  a  water  batli  with  1.9  g 
of  mercuric  acetate  in  a  manner  similar  to  that  described  above.  2  g  (97%)  of  5- methylisoxazole- 4- mercuric 
acetate  was  obtained.  Shining,  colorless  flakes,  m.  p.  124-124.5*  (from  water). 

Found  %;  C  20.84,  20.81;  H  2.12,  2.07.  CfiHyOjNHg.  Calculated  %;  C  21.08;  H  2.05. 

An  aqueous  solution  of  15  g  of  5- methylIsoxazole-4- mercuric  acetate  was  treated  witli  a  solution  of  5.3  g 
of  KBr.  The  mercuric  bromide  obtained  was  dissolved  in  dichloroethane  and  treated  with  the  calculated  quantity 
of  bromine.  Yield  of  5-methyl-4-bromoisoxazole  was  4.35  g  (60%). 

B.  p.  147-148*,  n^D  1.4915.  Data  in  the  literature  [4j:  b.  p.  147-148*;  n^D  1.4909. 

Found  %;  Br  49.65,  49.87.  C^H^ONBr.  Calculated  %;  Br  49.38. 

Mercurization  of  3- methylisoxazole.  The  mercuric  acetate  of  3- methylisoxazole  was  obtained  in  a 
manner  similar  to  tliat  described  lor  5-phenylisoxazole  from  4.9  g  of  3- methylisoxazole  and  18.7  g  of  mercuric 
acetate.  Yield,  20  g  (quantitative).  M.  p.  154-155*  (from  water). 

Found  %:  C  20.93,  20.83;  H  2.10,  2.09.  CgHTOaNllg.  Calculated  %;  C  21.08;  H  2.05. 

10.2  g  of  die  mercuric  acetate  obtained  was  dissolved  by  heating  in  water,  and  a  solution  of  3.6  g  of  KBr 
added.  8.5  g  (80%)  of  3- methylisoxazole- 4- mercuric  bromide  was  obtained,  m.  p.  151-154*.  To  a  solution  of 
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the  mercuric  bromide  in  dichloroetliane  was  added  a  solution  of  3.7  g  of  bromine  in  dichloroethane,  the  mixture 
then  being  boiled  until  colorless.  The  dichloroeihane  was  distilled  off,  tlie  residue  filtered,  and  the  filtrate 
distilled.  1.4  g  of  4-bromo-  3-methylisoxazole  was  obtained.  B.  p.  143-145*,  n^°D  1.4742.  Data  in  the 
literature  [4j:  b.  p.  142.5-144.5*. 

Mercurizatlon  of  3,5-dimethylisoxazole.  The  mercuric  acetate  of  3,5-dimethylisoxazole  was  obtained 
similarly  by  heating, in  a  water  bath  for  20  minutes, 3  g  of  3,5-dimethylisoxazole  with  9.8  g  of  mercuric  acetate. 
Yield,  10  g.  M.  p,  104-105*  (from  water). 

Founder  C  23.35,  23.4l|  H  2.40,  2.43.  CTHjOgNHg.  Calculated  <7o:  C  23.66$  H  2.53. 

6.1  g  of  Ute  mercuric  acetate  of  3,5-dimethylisoxazole  was  dissolved  in  water  and  2.04  g  of  KBr,  In 
aqueous  solution,  added.  6.3  g  of  3, 5-dimetliylisoxazole-4- mercuric  bromide  was  obtained  in  a  similar  manner, 
m.  p.  171-172*  (from  water). 


SUMMARY 

1.  Mercurization  of  3-methyl-,  5-methyl-,  3,5-dimethyl-,  and  3- phenylisoxazole  was  accomplished 
by  heating  them  with  mercuric  acetate. 

2.  The  composition  of  the  mercuric  derivatives  obtained  was  determined  by  their  conversion  into  the 
corresponding  bromides.  It  was  shown  that  mercurization  always  occurred  in  ilie  4- position  of  the  isoxazole 
ring. 
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OXIDATION  OF  4  -  N I T  RO  A  C  EN  A  PH  TH  EN  E  TO  N  I T  RON  A  PH  T  H  A  LI  C  ACID 


M.  M.  Dashevskil 
Odessa  Poly  technical  Institute 

Translated  from  Zhurnal  Obshchei  Khiniil,  Vol.  30,  No.  4,  pp.  1271-1274,  Aprils  1960 
Original  article  submitted  March  16,  1959 

Oxidation  of  organic  substances  with  sodium  bichromate  is  usually  carried  out  in  the  presence  of  acetic 
or  sulfuric  acids.  Acetic  acid  acts  as  a  solvent  and  also  gives  best  results.  Oxidation  by  sulfuric  acid,  on  the 
other  hand,  is  usually  accompanied  by  combustion  of  part  of  the  substance  being  oxidized  and  by  tar  or  resin 
formation. 

Replacement  of  these  acids  by  hydrochloric  has  not  been  suggested  so  fat.  The  cause  of  this  is  obviously 
tlie  well-known  oxidation  of  hydrogen  chloride  by  bichrom.ate,  with  evolution  of  chlorine.  Meanwhile,  as 
early  as  1921,  Kaminskii  established  [Ij  that  addition  of  a  small  quantity  of  hydrochloric  acid  during  oxidation 
of  toluene  by  bicliromate  and  sulfuric  acid  considerably  accelerates  tlie  reaction  and  gives  a  better  yield. 

V.  Dzirkal  used  hydrochloric  acid  as  an  additive  in  die  oxidation  of  the  dithio- group  by  nitric  acid  [2J, 

We  have  established  diat  it  is  possible  to  carry  out  oxidation  (at  least,  of  some  organic  substances)  with 
bichromate  in  a  hydrochloric  acid  medium  without  evolution  of  chlorine.  For  this  to  occur,  the  hydrochloric 
acid  should  not  be  used  above  a  certain  maximum  concentration  (varying  with  the  particular  compound  under¬ 
going  oxidation)  and  should  be  used  in  a  definite  ratio  to  the  quantity  of  bichromate  employed  in  the  reaction. 
In  diC  present  work  diis  is  exemplified  by  the  oxidation  of  4-nitroacenaphihene. 

4-Nitronaphdialic  acid  was  first  obtained  by  Quncke  [3J  by  heating  acenaphdiene  with  dilute  nitric  acid; 
from  30  g  of  acenaphdiene  he  obtained  2  g  of  acid.  Graebe  and  Brions  obtained  it  by  oxidation  of  4-nitro- 
acenaphthene  with  sodium  bichromate  in  glacial  acetic  acid.  The  yield  is  not  stated  by  the  audiors  [4].  We 
studied  die  oxidation  of  4-niiroacenaphthene  in  a  sulfuric  acid  medium  and  found  diat  die  oxidation  process 
proceeds  slowly  in  the  presence  of  sulfuric  acid  and  gives  low  yields. 

Oxidation  of  4-nitroacenaphdiene  proceeds  rapidly  and  smoothly  in  a  hydrochloric  acid  medium,  no 
resinification  or  combustion  being  observed.  Yield  of  4-nitronaphthalic  acid  obtained  is  80-85*70.  The  quantity 
of  hydrochloric  acid  should  not  exceed  5  moles  of  hydrogen  chloride  per  mole  of  bichromate,  and  hydrogen 
chloride  concentration  should  not  be  higher  than  20'’/o.  If  not,  oxidation  of  hydrogen  chloride  takes  place  with 
evolution  of  chlorine.  Better  results  are  obtained  in  tlie  presence  of  a  double  proportion  of  bichromate  and  with 
vigorous  stirring.  In  this  work,  using  hydrochloric  acid  in  amounts  and  in  concentrations  no  greater  tlian  those 
indicated,  tlie  oxidation  product  obtained  is  completely  chlorine- free  (Beilsiein  test). 

EXPERIMENTAL 

Oxidation  of  4-nitroacenaphthene.  Into  a  flask  fitted  witli  reflux  condenser  and  stirrer  was  introduced  10  g 
of  nitroacenaphthene,  bicliromate  and  hydrochloric  acid.  The  mixture  was  heated  on  a  water  bath,  then  cooled 
to  room  temperature,  the  precipitate  filtered  off,  washed  free  of  bichromate  with  water,  and  then  treated  with 
a  5*70  soda  solution  for  1  hour  on  a  water  batli.  The  soda  solution  was  filtered  from  tlie  undissolved  residue  and 
the  filtrate  acidified  with  hydrochloric  acid.  The  precipitated  4-nitronaphthalic  acid  was  filtered,  washed  with 
water,  and  dried  at  100-110“  C;  at  this  temperature  it  was  fully  converted  to  the  anhydride. 
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In  other  experiments,  the  oxidation  product  was  not  treated  with  soda  solution,  but  was  dried  immediately, 
and  its  melting  point  determined.  The  oxidation  product  in  this  case  usually  m.elted  at  200-212*,  However, 
tliis  product,  reprecipitated  from  soda  solution,  usually  had  a  m.  p.  of  216-222*.  In  the  most  successful  ex- 
perim.ents,  oxidizing  10  g  of  lutroacenaphthene,  we  obtained  9.5-10  g  of  nitronaphthalic  anhydride  and  0.5-1.0g 
of  partially  oxidized  residue,  which  was  not  extracted  by  soda  solution.  The  residues  from  several  experiments 
were  tlten  reoxidized  and  gave  a  furtlter  amount  of  nitronaphthalic  anhydride,  the  yield  being  50-60'^o  of  the 
weight  of  the  residues  ur;dergoing  oxidation.  A  good  yield  was  obtained  only  with  100 %  excess  bichromate. 

The  degree  of  stirring  influenced  the  yield  greatly.  Other  conditions  being  equal,  poor  agitation  was  found  to 
lower  the  yield  by  50 ‘fo. 

The  influence  of  various  factors  on  the  yield  of  4- nitronaphthalic  anhydride  is  shown  in  Tables  1-4. 

TABLE  1 


Effect  of  Hydrochloric  Acid  Concentration  on  Rate  of  Oxidation 
of  10  g  of  Nitroacenaphthene  over  a  Period  of  150  Minutes 


Expt, 

No. 

_ 

Quantity 
of  HCl 
(in  ml) 

Concentra¬ 
tion  of 

HCl  (%) 

Yield 

nitronaphthalic 

anhydride 

partially 
oxidized  resic 

ino 

20 

S.7 

1.9 

2 

170 

IS 

9.4 

i.;i 

ISO 

17 

9.45 

1.55 

4 

195 

16 

9.0 

1.95 

5 

200 

15 

8.il 

1.75 

TABLE  2 


Effect  of  Quantity  of  HCl  on  Rate  of  Oxidation  of  10  g  of  Nitro¬ 
acenaphthene  over  a  Period  of  90  Minutes 


1 

Expt. 

No. 

Quantity  | 

Concent-  . 

Moles  of 
HCl  per  ; 
mole  of  ! 

bichrom¬ 
ate  ' 

!  Yield 

of  HCl  , 
(in  ml) 

! 

ration  of  | 
HCl  (^/.,) 

1 

1  nitronaph- 
1  thalic  an¬ 
hydride 

1  residue 

1 

1  so 

20 

2.6 

3.4 

.5.6 

2 

l(X) 

20 

4.35 

4.45 

:i 

1  1.'.0 

20 

r> 

7. .5.5 

3.4 

1 

1  200 

20 

(;.6 

5.0.5  I 

♦i.O 

1  225 

TABLE  3 

20 

7.4 

2.1 

10.4.5 

Effect  of  Ratio  Bichromate  ; Hydrochloric  Acid  (20*170  HCl) 


Expt.  1 

Quantity  of 

Quantity 

Duration 

Yield 

No.  1 

Na2Cr207  x 

of  HCl 

of  Expt. 

nitronaph- 

1 

X  2HjO(in  g) 

(in  ml) 

(hours)  i 

!  thalic  an- 
i  hydride 

residue 

1 

30  ! 

60 

.5.0 

5.8 

•) 

40  i 

i  120 

2 

7.S5 

2.45 

1 

150 

2 

S.8 

2.05 

\ 

50  i 

!  170 

4 

9.9 

0.8 

50 

210 

4 

1 

9..5.5 

0.5 

i 
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TABLE  4 

Effect  of  Heating  Time  on  Yield  of  Nitronaphthalic  Anhydride 
(10  g  of  Nitroacenaphthene  and  170  ml  of  IS^^o  HCl  were  taken) 


1 

Expt.  ' 
No.  j 

j 

1  1 

t 

1  1 

j  Heating  time  j 

,  Yield 

nitronaphthalic 

1  anhydride 

incompletely 
oxidized  residue 

1 

1  hour 

4.3 

5.3 

2 

2  hour 

9.0 

1.8 

3 

2  Iir  30  min. 

9.4 

1.3 

3  hour 

to.o 

0.9 

fl 

i  hour 

9.S 

1  1 

OS 

S  U  M  M  A  RY 

It  has  been  shown  that  oxidation  of  nitroacenaphthene  can  be  achieved  using  bichromate  in  a  hydrochloric 
acid  medium  and  that  a  chlorine- free  oxidation  product  can  be  obtained.  A  method  of  obtaining  4- nitro¬ 
naphthalic  anliydride  in  80-85%  yield  has  been  developed. 
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SYNTHESIS  OF  VINYL  MONOMERS 
IX.  ANHYDRIDES  OF  METHACRYUC  ACID 

A.  Ya.  Yakubovich,  L.  I.  Muler,  and  M,  V.  Bazilevskii 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1274-1276,  April,  1960 
Original  article  submitted  December  29,  1958 


Mixed  anhydrides  can  be  obtained  by  reaction  of  tlie  acid  chloride  of  the  acid  witli  the  anhydrous  salt  of 
another  acid  [1-  4J:  by  the  action  of  a  mixture  of  the  acid  chloride  and  the  anhydride  of  anotlier  acid  on  a  salt 
of  the  acid  [2];  by  acylation  of  the  acid  by  the  acid  chloride  of  another  acid  in  the  presence  of  a  tertiary  amine 
13,  5,  6J,  or  in  its  absence  [7J:  by  acylation  of  the  acid  by  the  anhydride  of  another  acid  [8,  9J. 

Our  objective  was  to  obtain  certain  mixed  anhydrides  of  methacrylic  acid  of  interest  in  polymer  synthesis. 
An  attempt  to  obtain  acetic  metliacrylic  anhydride  by  reaction  of  sodium  acetate  with  methacrylic  chloride 
was  unsuccessful,  since  at  the  reaction  temperature  (boiling  in  benzene)  the  mixed  anhydride  formed  was  com¬ 
pletely  resolved  into  its  constituent  acids.  Because  of  this,  tlie  method  of  synthesis  chosen  was  the  acylation  of 
methacrylic  acid  in  ether  by  acetyl  chloride  in  the  presence  of  pyridine. 

After  suitable  treatment,  tlte  remaining  undlstilled  anhydride  had  a  freezing  point  of  about  —  34*  C.  On 
distillation  it  passed  over  in  the  range  35-64*  (3  mm),  but,  since  the  distillate  obtained  did  not  freeze  even  at 
~80*,  it  may  be  assumed  that  complete  resolution  of  the  anhydride  took  place  during  distillation.  Purer  acetic- 
metliacrylic  anhydride  with  freezing  point  —28*  was  obtained  by  recrystallization  from  alcohol  at  —70*  to 
—  80",  this  being  accompanied,  however,  by  poor  recovery  of  the  substance. 

We  repeated  the  synthesis  of  formic- acrylic  and  methacrylic  anhydrides  described  by  Barnes  [11]  (boiling 
sodium  formate  and  methacrylic  chloride  in  ether).  However,  no  anhydride  was  observed  in  the  reaction  mixture 
after  5  or  20  hours'  boiling.  During  attempts  to  obtain  this  anhydride  from  methacrylic  chloride  and  formic  acid 
in  ether  in  the  presence  of  pyridine,  carbon  monoxide  was  evolved,  even  with  intense  cooling,  and  methacrylic 
acid  was  found  in  the  ethereal  solution  (in  small  quantities  only).  W'e  obtained  a  mixed  formic- methacrylic 
anliydride  by  reaction  of  methacrylic  anhydride  with  anhydrous  formic  acid,  using  the  method  proposed  for  prep¬ 
aration  of  formic- acetic  anhydride  [9J.  It  distilled  at  26*  (1  mm)  and  had  a  freezing  point  of  about  —  50*. 
This  anhydride,  like  acetic  formic  anhydride,  on  heating  or  on  being  reacted  with  pyridine,  sodium  acetate, 
sodium  formate,  etc.,  decomposed  with  formation  of  carbon  monoxide  and  methacrylic  acid.  The  properties 
of  formic-metliacrylic  anhydride  described  indicate  iltat  this  compound  was  not  obtained  by  Barnes,  and  that 
the  substance  with  b.  p.  68-70*  (12  mm),  and  in.  p.  8",  accepted  by  him  as  this  anhydride,  was  evidently  impure 
methacrylic  acid  (b.  p.  72.7*  at  20  mm  [12],  m.  p.  16*). 

We  obtained  methacrylic  anhydride  for  use  In  formic- methacrylic  anhydride  synthesis  by  reacting 
methacrylic  acid  with  methacrylic  chloride  in  the  presence  of  pyridine,  a  yield  of  75-80*70  being  obtained. 

This  method  is  different  from  that  described  in  [13]. 


EXPERIMENTAL 

Methacrylic  anhydride.  90  g  (1.04  moles)  of  methacrylic  acid  in  250  ml  of  absolute  ether  was  placed  In 
a  flask,  0.1  g  of  cuprous  chloride  added,  followed  by  95  g  (1.2  moles)of  pyridine.  104.5  g  (1  mole)  of 
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methacrylic  chloride  was  slowly  added  to  the  mixture  with  stirring  and  cooling  to  0-5*,  stirring  being  then 
continued  at  room  temperature  for  1  hour.  The  precipitated  pyridine  hydrochloride  was  filtered  off;  the 
ethereal  solution  was  washed  twice  with  dilute  (l  :4)  hydrochloric  acid  cooled  to  O',  twice  with  a  cooled 
sodium  bicarbonate  solution,  and  then  dried  over  calcium  chloride.  The  ether  was  evaporated  off,  and  the 
residue  distilled.  Yield  was  110-120  g  (72-78*70). 

B.  p.  63-65*  (2  mm),  f.  p.  about  —20*;  n*®D  1.4530. 

Acetic- methacrylic  anhydride.  40  g  (0.47  mole)  of  methacrylic  acid,  40  g  (0.51  mole)  of  acetyl 
chloride,  and  45  g  (0.57  mole)  of  pyridine  in  150  ml  of  absolute  ether,  were  used  in  the  reaction.  The  reaction 
was  carried  out  as  described  in  the  preceding  experiment.  Yield,  45  g  il5°!o). 

F.  p.  about  -  34*;  n^D  1.4230,  d^^  1.0401. 

15  g  of  crude  acetic- methacrylic  anliydride  at  room  temperature  was  rapidly  mixed  with  twice  its  volume 
of  absolute  alcohol,  and  tlie  solution  cooled  to  “  80*.  The  precipitated  crystals  were  filtered  off  using  a  funnel 
cooled  with  a  mixture  of  dry  ice  and  acetone.  After  removal  of  the  motlier  liquor,  cooling  of  tlie  funnel  was 
discontinued,  and  tlie  melted  acetic-methacrylic  anhydride  run  into  a  separate  container.  The  remaining  alcohol 
was  removed  under  vacuum.  Yield,  7.5  g. 

F.  p.  -28*,  n^D  1.4253,  d*^  1.0421,  MRp  31.43.  CgHgOsp.  Calculated  31.06. 

Founder  C  56.15,  55.82;  H  6.62,  6.74.  CgllgOj.  Calculated  *70:  C  56.25;  H  6.35. 

Properties 

A  colorless,  mobile,  lachrymatory  liquid  with  a  strong  odor.  Miscible  with  alcohol  and  ether;  soluble  in 
petroleum  ether,  but  separating  out  as  an  oil  on  cooling.  Its  freezing  point  was  depressed  on  standing,  even  at 
room  temperature,  the  refractive  index  also  changing. 

Formic- methacrylic  anhydride.  69  g  (0.45  mole)  of  methacrylic  anhydride  and  25  g  (0.55  mole)  of 
anhydrous  formic  acid  were  heated  at  35-40*  for  10-15  hours  in  the  presence  of  a  small  quantity  of  inhibitor 
(hydroquinone).  During  the  course  of  tlie  reaction,  carbon  monoxide  evolution  was  observed,  occurring  as  a 
result  of  partial  decomposition  of  the  formic- methacrylic  anliydride  being  formed.  The  refractive  index  of 
the  mixture  was  lowered  on  reacting  furtlier,  completion  of  the  reaction  being  indicated  by  cessation  of  this 
lowering.  Metliacrylic  acid  formed  as  a  decomposition  product  and,v/lth  the  excess  formic  acid,  were  both 
removed  by  freezing  to  —  30*,  tlie  mother  liquor  tlien  being  distilled  from  a  flask  fitted  with  a  fractionating 
column.  The  fraction  passing  over  at  2G-27*  (1  mm)  was  collected.  \"ield,  25  g  (49*7o). 

F.  p.  about  -50*.  n^D  1.4262,  d*®^  1.0941,  MRp  26.71.  CgHgOjp.  Calculated  26.49. 

Found  <7o:  C  52.61,  51.79;  H  5.74,  5.67.  CgHjOj.  Calculated  <70:  C  52.63;  H  5.30. 

Properties 

A  colorless,  mobile  liquid  with  a  pungent  odor.  When  gently  heated  or  when  acted  upon  by  reagents  of 
an  alkaline  character,  it  decomposed  with  formation  of  carbon  monoxide  and  methacrylic  acid. 

SUMMARY 

The  synthesis  and  properties  of  formic- methacrylic,  acetic-methacrylic,  and  methacrylic  anhydrides 
are  described. 
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MECHANISM  OF  THE  REACTION  BETWEEN  NITRILES,  CARBOXYLIC 
ACIDS  AND  HYDROGEN  CHLORIDE  AT  LOW  TEMPERATURE 

E.  N.  Zirberman 

Translated  from  Zhuriial  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1277-1281,  April,  1960 
Original  article  submitted  March  24,  1959 


Recently  it  was  shown  that  the  chlorides  of  imonium  chlorides,  obtained  from  nitriles  and  hydrogen 
chloride,  are  extremely  reactive  compounds.  They  readily  react  with  water  in  the  cold  to  form  imonium 
hydrin  chlorides  (amide  hydrochlorides)  [Ij,  and  with  primary  alcohols  to  form  the  hydrochlorides  of  irnino 
esters  [2], 

Colson  [3,  4J  described  the  preparation  of  some  amide  hydrohalides  and  acid  halides  from  equimolar 
amounts  of  acid  and  nitrile  in  the  presence  of  hydrogen  halide  at  0*,  in  accordance  with  Eq.  (1). 

IlCN  +  Il'COOll -f  2flCl  — *  IICONIU  IICI -f  U'COCI  (1) 


Colson  assumed  that  the  acid  reacts  first  with  the  hydrogen  chloride  to  form  acyl  chloride  and  water, 
and  then  the  water  adds  to  the  nitrile. 

To  obtain  tlie  anhydrides  of  chloroacetic  acids  it  has  been  proposed  [5J  to  react  hydrocyanic  acid  witli 
chloro- substituted  acetic  acids  in  an  organic  solvent  in  the  presence  of  a  hydrogen  halide. 


IlCN -f  2R'COOH  — U  IICONIIa-f  (H'COIjO 


(2) 


Imino  chloride  H(Cl)C  =  NH  and  secondary  amide  HCONHCOR’  are  assumed  to  be  the  intermediate 
products  in  this  reaction. 

In  this  paper,  we  investigated  the  reaction  of  the  chlorides  of  Imonium  chlorides  with  carboxylic  acids 
in  an  organic  solvent.  We  postulated  that  in  the  investigated  reaction  between  nitriles,  carboxylic  acids  and 
hydrogen  chloride  the  initially  formed  chlorides  of  imonium  chlorides  (1),  as  the  result  of  subsequent  bimolecular 
replacement,  migrate  to  relatively  unstable  isoimide  salts  (11).  Since  the  latter  should  possess  a  substantial 
acylating  capacity,  they  react  with  carboxylic  acids  to  form  imonium  hydrin  chlorides  (111)  and  acid  anhydrides. 
The  acid  chlorides  can  be  obtained  by  secondary  reaction  between  the  acid  anhydrides  and  hydrogen  chloride 
[4J,  and  possibly  also  by  the  acylation  of  hydrogen  chloride  witli  the  isoimide. 


RCN  4-  21ICI 


NHa 

Cl 


+ 

ci- 


(I) 


(3) 


(1)  4-  R'COOH 


RC 


NH, 


^OCOIV 
i(Ji) 


4 

Cl-  4-  HCl 


RCN  4-  R 'COO  11  4-  HCl 


(4) 
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rNII., 

(11)  ^  H'cooif nef 

Cl-  +  (H'C0)..,0 

(5) 

(111) 

(H'(;o)20  4- MCI  irco( 

;l  ^  HH’.OOll 

(6) 

(11)  -1-  MCI  (III)  r 

U'COCl 

(7) 

To  verify  the  mechanism  proposed  for  the  initial  stage  of  the  reaction  (3,  4)  we  investigated  the  reaction 
of  acetic  acid  with  adiponitrile  in  the  presence  of  hydrogen  chloride.  Adiponitrile  proved  to  be  highly  satis¬ 
factory  for  this  purpose,  since  together  witli  imonium  hydrin  chlorides  (IV)  and  (V)  it  also  gives  [Ij  molecular 
compound  (VI),  which  makes  it  possible  to  show  the  presence  of  free  nitrile  in  the  reaction  mixture. 


The  reaction  was  run  in  both  polar  and  nonpolar  organic  solvents.  As  can  be  seen  from  the  data  in  the 
table,  the  amount  of  precipitate  increases  with  increase  in  the  amount  of  excess  hydrogen  chloride,  accompanied 
by  an  increase  in  the  amount  of  (V)  contained  in  it,  which  indicates  the  equilibrium  character  of  Reaction  (3). 

It  should  be  mentionea  tliat  even  with  a  large  excess  of  HCl  it  proves  impossible  to  attain  a  yield  of  the  amide 
that  is  close  to  the  theoretical,  although  there  is  a  nearly  quantitative  conversion  of  the  reagents,  even  in  the 
absence  of  excess  hydrogen  chloride,  when  these  same  chlorides  of  imonium  chlorides  (1)  are  reacted  with  water 
or  with  primary  alcohols.  This  is  best  explained  by  the  fact  that  isoimide  hydrochloride  (11),  in  contrast  to  the 
corresponding  products  obtained  when  reaction  is  with  water  or  with  alcohols,  does  not  deposit  in  the  precipitate 
and  consequently  is  not  removed  from  the  reaction  zone,  but  instead  partially  decomposes  into  nitrile  and  acid 
(4).  In  addition,  as  is  known  [6],  acetic  acid  is  capable  of  accepting  protons.  Consequently,  it  must  be  assumed 
that  it  reacts  with  (l)  not  only  according  to  Reaction  (4),  but  also  that  it  cleaves  a  proton  from  (1),  simultaneously 
shifting  the  equilibrium  of  Reaction  (3)  to  the  left. 

If  this  assumption  is  correct,  then  the  character  of  the  reaction  of  acetic  acid  with  the  chloride  of  the 
imonium  chloride  (1)  should  be  the  same  as  when  reaction  is  with  water  [Ij,  which  in  large  excess  promotes  the 
dissociation  of  (1),  while  in  small  amounts  it  reacts  with  (1)  with  the  form.ation  of  the  imonium  hydrin  chloride. 
Experiments  4  and  6-8  (see  table)  revealed  that  increasing  the  amount  of  acetic  acid  relative  to  the  adiponitrile 
initially  accelerates  reaction.  With  further  increase  in  the  amount  of  excess  acetic  acid  the  reaction  slows  down, 
while  tile  relative  amount  of  molecular  compound  (VI)  in  the  reaction  products  increases. 

To  prove  that  secondary'  amides  are  not  formed  under  our  experimental  conditions,  but  that  the  acylating 
agent  is  isoamide  (II),  we  studied  the  reaction  of  acetonitrile  with  butyric  acid,  and  of  butyronitrile  with  acetic 
acid,  in  the  presence  of  hydrogen  chloride.  If  the  secondary  amide,  CH3CONHCOQI2CH2CH3,  was  to  be  found 
present  in  the  reaction  mixtures,  then  as  the  result  of  acylation  [7J  both  the  chloride  of  the  imonium  hydrin  of 
acetic  acid  (VII)  and  tlie  chloride  of  the  imonium  hydrin  of  butyric  acid  (VIII)  would  be  obtained  in  both  cases. 
Actually,  the  precipitate  from  the  experiment  with  acetonitrile  contained  only  (VII),  while  the  precipitate  from 
the  experiment  with  butyronitrile  contained  only  the  previously  unknown  (Vlll).  In  addition,  quite  recently,  it 
was  shown  [8]  that  N-substituted  isoimides  are  capable  of  acylating  carboxylic  acids,  and  that  N-substituted 
secondary  amides  are.  much  weaker  acylating  agents  than  the  corresponding  isoimides.  Consequently,  contrary 
to  [5],  secondary  amides  are  not  intermediate  products  in  the  examined  reaction.  It  is  possible  to  obtain 
secondary  amides  from  nitriles  and  acids  only  under  much  more  drastic  conditions. 

In  investigating  the  liquid  products  it  was  found  that  these  same  carboxylic  acids  are  converted  not  only 
to  acid  chlorides,  as  was  indicated  earlier  [3,  4],  but  also  to  the  acid  anhydrides  [5j. 
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Utilization  of  the  discovered  rules  regarding  the  favorable  influence  exened  by  a  stoichiometric  excess 
of  hydrogen  chloride  and  the  existence  of  an  optimum  ratio  between  nitriles  and  carboxylic  acids  when  they 
are  reacted  in  the  cold  makes  it  possible  in  a  number  of  cases  to  obtain  the  imonium  hydrin  chlorides  (111)  in 
high  yields.  Thus,  if  a  65%  yield  of  (Vll)  is  obtained  from  equimolar  amounts  of  acetonitrile  and  acetic  acid, 
then  under  identical  conditions  and  with  the  same  excess  of  HCl,  but  using  a  1 : 2  molar  ratio  of  acetonitrile  to 
acetic  acid,  the  yield  of  (Vll)  was  87%. 


Effect  of  Ratio  of  Components  on  tlie  Formation  of  Amides  in  the  Reaction  of  Adiponitrile 
With  Acetic  Acid 


d 

z 

a. 

X 

UJ 

Starting  compon- 
ents(in  moles) 

Weight  of  preci¬ 
pitate  (in  g) 

Amount  in  precipitate 
(in  wt.  %) 

Yield  of  amides 
(in  %) 

Isolated  in  hydrolysis 
of  the  precipitate 
(in  g). 

Hydrogen 

chloride 

o 

Chlorine 

Nitrile 

nitrogen 

^  Amide 
nitrogen 

<u 

1 

8  B 

cfl  cj 

y  ii 

>  CJ 

O  > 

0) 

1 

.Q, 

< 

u 

kl 

‘a 

o 

.2* 

< 

1 

0.2 

0.2 

1.15 

13.0 

15.2 

4.9 

2 

0.5 

0.3 

2 

0.2.") 

0.2 

2.S 

17.9 

12;2 

7.0 

7 

3 

0.5 

0.2 

11.1 

20.1 

9.4 

7,8 

30 

5.5 

1.0 

1.6 

4 

0.75 

0.2 

15.0 

23.6 

7.2 

9.2 

49 

5 

1.0 

0.2 

10.3 

24.9 

6.6 

9.4 

55 

3.2 

5.9 

1.8 

6 

0.75 

0.13 

S.O 

22.5 

8.0 

8.4 

24 

7 

0.75 

0.35 

14.(3 

24.0 

6.3 

9.4 

49 

S 

0.75 

0.5 

•S.'. 

19.8 

10.1 

7.9 

24 

Remarks.  Temperature  —  5  to  O’,  time  13-16  days,  0.1  mole  of  adiponitrile,  60  ml  of 
etlier. 


In  conclusion  the  author  wishes  to  thank  M.  M,  Berslitein  for  his  assistance  in  making  the  study. 


EXPERIMENTAL 

All  of  the  reagents  and  solvents  used  in  the  work  were  dried  until  all  moisture  was  absent.  The  aceto¬ 
nitrile,  butyronitrile  and  butyric  acid  had  respectively,  b.  p.  81.5,  117,  and  162’,  and  n*D  1.3992,  1.3833, 
and  1.3442.  The  constants  of  adiponitrile  were  given  earlier  [9J.  The  solid  reaction  products  were  analyzed 
in  the  same  manner  as  described  in  a  previous  paper  [Ij. 

Reaction  of  adiponitrile  with  acetic  acid.  With  stirring  and  cooling  to  O’,  120  g  (3.3  moles)  of  dry  HCl 
was  passed  into  a  mixture  of  43.2  g  (0.4  mole)  of  adiponitrile  and  250  ml  of  dioxane.  The  next  day,  48  g 
(0.8  mole)  of  glacial  acetic  acid  was  added  to  the  mixture  and  the  whole  allowed  to  stand  at  —  5  to  0*.  After 
14  days  the  precipitate  (60.1  g)  was  filtered,  proving  to  be  a  mixture  of  chlorides  (IV- VI),  and  analyzing  24.7% 
chlorine,  6.4%  nitrile  nitrogen,  and  9.6%  amide  nitrogen.  The  precipitate  was  washed  well  witli  benzene.  We 
isolated  8  g  of  adiponitrile  from  the  wash  liquor.  The  residue  was  placed  in  200  ml  of  water  and  neutralized 
with  10%  caustic  solution.  The  obtained  adipamide  (m.  p.  224’)  was  filtered,  and  the  mother  liquor  was 
evaporated  to  dryness.  Extraction  of  tliis  residue  with  boiling  etliyl  acetate  gave  13.4  g  (27.6%)  of  5-cyano- 
valeramide  (m.  p.  64’).  The  portion  insoluble  in  ethyl  acetate  was  a  mixture  of  NaCl  and  adipamide.  The 
total  yield  of  adipamide  was  20.1  g  (35%).  The  obtained  amides  were  identical  with  the  earlier  described 
compounds  [1]. 

Fractional  distillation  of  the  dioxane  filtrate  through  a  column  gave  7.8  g  of  acetyl  chloride  with  b.  p. 
45-55*,  which  was  reacted  with  aniline  to  give  acetanilide  witlt  m.  p.  114’:  the  mixed  melting  point  witli  an 
authentic  specimen  was  not  depressed.  The  next  fraction  (55-101’)  weighed  49  g  and  contained  12.2%  of 
acetyl  chloride,  isolated  as  acetanilide.  The  total  yield  of  acetyl  chloride  was  22%  based  on  tlie  starting  acetic 
acid,  i.e.,  0.43  equiv.  of  acid  chloride  was  isolated  per  equivalent  of  amide  formed.  Treatment  of  the  residue 
in  the  distillation  flask  with  aniline  led  to  the  isolation  of  acetanilide  (m.  p.  114’),  which  testifies  to  the  presence 
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of  acetic  anhydride  in  the  reaction  products.  In  the  experiments  witli  acetic  acid  we  obtained  precipitates 
during  the  distillation,  which  subsequently  disappeared,  in  which  connection  the  reaction  mixture  turned  either 
brown  or  black.  All  of  this  indicates  tliat  the  composition  of  tlie  product  being  distilled  changed  during 
distillation,  as  a  result  of  which  the  acetic  anliydride  was  not  isolated  quantitatively. 

Reaction  of  acetonitrile  with  butyric  acid.  With  stirring  and  cooling  to  0*,  90  g  of  HCl  was  passed  in 
3  hours  into  a  solution  of  16.4  g  (0.4  mole)  of  acetonitrile  and  70.4  g  (0.8  mole)  of  butyric  acid  in  100  ml  of 
benzene,  and  then  the  whole  was  allowed  to  stand  in  tlie  cold.  After  13  days  the  precipitate  was  filtered  and 
washed  with  ether  to  give  34.5  g  of  the  chloride  of  the  imonium  hydrin  of  acetic  acid  (VII),  m.  p. 

140-142*  (dccomp.),  which  on  hydrolysis  gave  acetamide. 

Found  Cl  37. Oj  N  14.7.  CjlIgONCl.  Calculated  Cl  37.1;  N  14.7. 

The  mother  liquor  was  fractionally  distilled.  After  removal  of  the  HCl  at  atmospheric  pressure,  the  1st 
fraction  was  collected  witli  b.  p.  up  to  90*.  This  fraction  weighed  84.4  g  and  after  hydrolysis  was  found  to 
contain  1%  chlorine  by  silver  nitrate  titration.  Five  grams  of  this  fraction  was  treated  in  the  cold  with  3  g  of 
aniline.  The  benzene  was  distilled  off  and  the  residue  was  washed  with  water  to  give  1.65  g  of  butyranilide, 
m.  p.  92*  (from  water).  The  mixed  melting  point  with  authentic  butyranilide  was  not  depressed.  Consequently, 
the  1st  fraction  contained  21.5^o  of  butyryl  chloride.  The  next,  intermediate  fraction  (8  g)  was  distilled  at 
100  mm,  gradually  raising  tlie  temperature  to  75*.  Using  aniline  it  was  found  that  this  fraction  contairu  24% 
of  butyryl  chloride.  From  tlie  difference  between  the  total  acidity  and  tlie  acidity  due  to  the  acid  chloride,  we 
determined  that  this  fraction  contains  26.5%  of  butyric  acid.  The  last  fraction  (39.4  g)  was  distilled  at  a 
pressure  of  35  mm  and  a  final  vapor  temperature  of  107*.  This  fraction  was  devoid  of  chlorine.  The  reaction 
of  2  g  of  this  fraction  witli  aniline  gave  1.4  g  of  butyranilide,  which  corresponds  to  a  62%  content  of  butyric 
anliydride  in  this  fraction.  The  residue  proved  to  be  unreacted  butyric  acid.  As  a  result,  the  yield  of  distilled 
butyr)'l  chloride  and  butyric  anhydride  was  .respectively,  24  and  39%,  based  on  starting  butyric  acid. 

Reaction  of  butyronltrile  with  acetic  acid.  In  a  similar  manner,  from  6.9  g  (0.1  mole)  of  butyronitrile, 

12  g  (0.2  mole)  of  acetic  acid  and  29  g  (0.8  mole)  of  HCl  in  40  ml  of  benzene,  after  allowing  to  stand  for 
14  days,  wc  obtained  4  g  of  tlie  chloride  of  the  imonium  hydrin  of  butyric  acid  (Vlll)  as  long  needles  with 
m.  p.  83  84*  (from  a  mixture  of  acetic  acid  and  ether).  Allowing  the  filtrate  to  stand  for  another  12  days  at 
the  same  temperature  gave  an  additional  1.7  g  of  (VHI).  Total  yield  46%. 

Found  %;  Cl  28.4;  N  11.3.  C^HijONCl.  Calculated  %:  Cl  28.6;  N  11.4. 

A  solution  of  1.3  g  of  the  obtained  crystals  in  3  ml  of  water  was  neutralized  with  sodium  carbonate.  The 
solution  was  evaporated  and  extraction  of  the  residue  with  acetonitrile  led  to  tlie  isolation  of  butyramide,  m.  p. 
113*;  literature  data  [lOj:  m.  p.  115-116*. 

Reaction  of  acetonitrile  witli  acetic  acid.  From  a  mixture  of  8.2  g  (0.2  mole)  of  acetonitrile,  12  g 
(0.2  mole)  of  acetic  acid  and  58  g  (1.6  moles)  of  hydrogen  chloride  in  80  ml  of  toluene,  after  allowing  to  stand 
for  18  days,  we  obtained  12.4  g  (65%)  of  the  chloride  of  the  imonium  hydrin  of  acetic  acid  (VII),  m.  p.  140-142* 
(decomp.).  Distillation  of  the  filtrate  gave  4.6  g  (29%)  of  acetyl  chloride  (based  on  the  starting  acetic  acid). 

In  a  parallel  experiment,  but  using  24  g  of  acetic  acid  (instead  of  12  g),  we  obtained  16.6  g  (87%)  of 

(VII). 

SUMMARY 

A  study  was  made  of  the  effect  of  the  ratios  of  the  reactants  on  the  reaction  of  nitriles,  carboxylic  acids 
and  hydrogen  chloride  at  0*  in  organic  solvents.  Based  on  the  obtained  results,  a  mechanism  was  proposed  for 
this  reaction,  according  to  which  the  initially  formed  chloride  of  the  imonium  chloride  is  converted  to  the 
isoimide  by  reaction  with  the  carboxylic  acid.  The  isoimide  then  acylates  a  second  molecule  of  the  carboxylic 
acid  with  the  formation  of  the  chloride  of  the  imenium  hydrin  (amide  hydrochloride)  and  the  acid  anliydride. 
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Data  exist  that  cancer  cells  are  more  sensitive  to  oxidizing  agents  than  are  .lormal  cells  [1].  In 
connection  witli  this  it  seemed  of  interest  to  synthesize  the  N- oxides  of  some  tertiary  amines,  in  order  to 
investigate  their  antitumor  activity. 

A  method  for  obtaining  the  N- oxides  of  arylalkyl  amines  was  worked  out  by  Bamberger  [2].  By  oxidizing 
dimethylaniline  with  3''Vo  hydrogen  peroxide  tiie  author  obtained  dimethylaniline  N- oxide  as  the  picrate  in 
nearly  quantitative  yield;  hov/ever,  isolation  of  the  oxide  hydrochloride  and  of  the  N- oxide  itself  from  the 
picrate  is  described  without  any  indication  of  the  yield.  Later  V.  N.  Belov  and  K.  K.  Savich  [3]  reported  that 
they  were  unable  to  isolate  the  pure  dimethylaniline  N- oxide  when  operating  as  described  by  Bamberger.  The 
corresponding  N- oxides  are  formed  in  poor  yield  (isolated  as  the  picrates)  when  diethylaniline,  dimethyl- o- 
toluidine,  dimethyl- p-toluidine,  etc.,  are  oxidized  for  a  long  time  (250-300  hours). 

When  dimethylaniline  (I,  R  =  CHj)  was  oxidized  by  the  Bamberger  method  with  3*70  hydrogen  peroxide 
we  obtained  a  61*70  yield  of  dimethylaniline  N- oxide  hydrochloride  (II,  R  =  CH3);  however,  we  were  unable  to 
isolate  the  hydrochloride  of  diethylaniline  N- oxide  in  this  manner. 


li— N-l{ 
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OH  Oil 


11— N-Ii“ 
1 
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1 

|[  1 

c:i- 
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11  ' 

il  1 

1  1 

-  - 

..  _ 

(II)  (111) 

ji  =  cii„  r,n,. 


On  the  assumption  that  the  unsatisfactor)'  results  obtained  in  the  oxidation  of  the  above  amines  are  due 
to  the  low  solubility  of  the  amines  in  water,  we  examined  the  oxidation  of  the  amines  with  hydrogen  peroxide 
in  a  mixture  of  water  and  dioxane  and  found  that  the  reaction  goes  much  more  smoothly  if  this  solvent  mixture 
is  taken  in  a  1 : 1  ratio. 

Using  this  technique,  we  obtained  the  pure  hydrochloride  of  diethylaniline  N- oxide  (11,  R  =  C2H5)  in  good 
yield  from  diethylaniline  (1,  R  =  C2H5).  Treatment  of  the  hydrochloride  with  moist  silver  oxide  gave  diethyl¬ 
aniline  N- oxide  monohydrate  (Ill,  R  =  CjHg). 

The  oxidation  of  dimethyl- o-toluidine  gave  dimetliyl-o-toluidine  N-oxide  hydrochloride  in  good  yield. 
We  were  unable  to  convert  5-dimethylamino-4-methyluracil  [5J,  obtained  by  reacting  5-bromo-4-methyluracil 
[4]  with  dimethylamine,  to  the  N-oxide,  either  by  treatment  with  3*70  hydrogen  peroxide  in  a  mixture  of  dioxane 
and  water  or  by  reaction  with  a  45*70  solution  of  hydrogen  peroxide  in  acetic  anhydride. 
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Testing  of  the  N-oxIdes  for  tlteir  antitumor  activity  (done  by  E.  M.  Shamaeva  and  A.  E,  Markltantova) 
revealed  that  the  hydrochloride  of  dimetliyl-o-toluidine  N- oxide  suppresses  the  growth  of  rat  sarcoma  45  very 
slightly  and  inhibits  the  growtli  of  Ehrlich  tumors  to  tlie  extent  of  36^o.  The  hydrochloride  of  diedtylaniline 
N- oxide  exerts  a  somewhat  stimulating  effect  on  the  growtli  of  both  rat  sarcoma  45  and  Ehrlich  tumors. 

5-Dimethylamino-4-metliyluracil  fails  to  show  any  antitumor  activity  against  rat  sarcoma  45  (testing 
done  by  E.  1.  Khomchenovskli). 

EXPERIMENTAL* 

Dimethylaniline  N-oxlde  hydrochloride  (11,  R  =  CH3).  A  mixture  of  10  g  of  dlmethylaniline  (0.082  mole) 
and  280  ml  of  3.2'7o  hydrogen  peroxide  (0.27  mole)  was  placed  in  a  three- necked  flask,  fitted  with  a  reflux 
condenser,  thermometer,  and  Hershberg  stirrer.  The  mixture  was  heated  on  the  water  batli  at  70-80*  for  8  hours 
with  vigorous  stirring.  The  obtained  yellow  solution  was  extracted  with  etlier,  acidified  witli  HCl  until  add  to 
Congo,  and  then  evaporated  at  10-15  mm. 

Recrystallization  of  die  residue  from  acetone  gave  8.5  g  (61.4*70)  of  the  N-oxlde  salt  as  colorless  needles, 
melting  at  122-124*  (with  decomp.).  From  the  literature  [2J:  m.  p.  124-125*. 

Diediylaniline  N-oxide  hydrochloride  (II,  R  =  C;Il5).  A  mixture  of  15  g  (O.l  mole)  of  diethylaniline  and 
300  ml  of  3.2*70  hydrogen  peroxide  (0.3  mole)  in  a  mixture  of  dioxane  and  water  (1  :l)  was  heated  widi  stirring 
for  48  hours  on  die  water  bath  at  70-80*.  The  red-orange  solution  was  diluted  widi  450  ml  of  water  and  extracted 
with  ether.  The  aqueous  dioxane  solution  was  acidified  with  IICI  until  acid  to  Congo  .and  dien  it  was  evaporated 
in  vacuo.  The  residue  was  a  viscous  yellow'ish  oil  that  crystallized  when  rubbed.  Recrystallization  from  dioxane 
gave  11.8  g  (57.9*7))  of  the  N-oxide  hydrochloride  as  colorless  prisms  with  m.  p.  130-131". 

Found  *70:  C  59.80;  H  8.33;  N  6.69.  CjoHjcONCl.  Calculated  *7o:  C  59.54;  H  8.00;  N  6.95. 

Diethylaniline  N-oxide  mnnohydrate  (III,  R  =  Cnllg).  Two  grams  (O.Ol  mole)  of  (II,  R  =  C2H5)  was  triturated 
widi  2  g  (0.009  mole)  of  silver  oxide  in  4  ml  of  water,  after  which  the  silver  chloride  was  filtered  and  the  filuate 
was  evaporated  to  dryness  at  room  temperature  in  a  vacuum- desiccator  (over  PjOg).  The  residue,  a  nearly  color¬ 
less  sirup,  crystallized  when  triturated  with  2-3  ml  of  absolute  ether.  Weight  1.38  g  (76*70).  Recrystallization 
from  a  mixture  of  anliydrous  alcohol  and  ether  gave  colorless  plates  with  m.  p.  92-92.5*. 

Found  *70:  C  65.73;  H  9.35;  N  7.42.  C10H17O2N.  Calculated  *7o:  C  65.54;  II  9.35;  N  7.67. 

Dimethyl- o-toluidine  N-oxide  hydrochloride.  A  mixture  of  12  g  (0.088  mole)  of  dimethyl- o-toluidine 
[6]  and  300  ml  of  3.2*7o  hydrogen  peroxide  (0.3  mole)  in  a  mixture  of  dioxane  and  water  was  heated  widi  stirring 
for  60  hours  at  70-80*.  Then  the  solution  was  worked  up  in  the  same  manner  as  described  for  the  hydrochloride 
of  diedtylaniline  N-oxide.  Recrystallization  from  a  mixture  of  alcohol  and  ether  gave  9.7  g  (58.2*70)  of  colorless 
needles  widi  m.  p.  138-139*. 

Found  *7o:  C  57.43;  H  7.72;  N  7.65;  Cl  19.01.  Cj^Ij^ONCl.  Calculated  <7o:  C  57.60;  H  7.52; 

N  7.47;  Cl  18.89. 

5-Dimethylamino-4-  methyliiracil.  To  an  efficiently  stirred  suspension  of  40  g  (0.31  mole)  of  4- methyl- 
uracil  in  130  ml  of  CGI4  was  slowly  added  125.6  g  (0.78  mole)  of  bromine.  The  obtained  red  precipitate  was 
filtered  and  then  debrominated  by  heating  in  a  porcelain  dish  on  the  water  bath  until  it  changed  to  a  pale  yellow 
powder.  Recrystallization  from  water  gave  56.3  g  of  5-btomo-4- methyluracil  (86.8*7o  yield)  as  colorless  needles 
widi  m.  p,  238-240*. 

Found  *7o:  C  29.34;  H  2.39;  N  13.59.  CBHgOjNjBr.  Calculated  *7o:  C  29.29;  H  2.46;  N  13.67. 

A  solution  of  280  g  (1.36  mole)  of  5- bromo- 4- methyluracil  in  1200  ml  of  33*7o  aqueous  dimethylamine 
(7.28  mole)  was  loaded  in  equal  portions  into  14  acid-resistant  stainless  steel  tubes  and  dien  heated  in  an  oil 
bath  for  3.5  hours  at  150*,  and  for  2.5  hours  at  175*.  The  obtained  colorless,  lustrous,  scaly  crystals  were  filtered 


*  The  microanalyses  were  run  under  the  supervision  of  A.  D.  Chinaeva. 
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and  washed  with  water,  and  then  with  ethanol.  We  obtained  1.31.5  g  of  substance  with  m.  p.  285-295* 

(decoitip.).  An  additional  28.8  g  of  substance  with  m.  p.  294-298*  was  isolated  from  the  mother  liquor, 
yield  70<yp.  Recrystallization  from  aqueous  alcohol  gave  tlie  5-dimethyIamino-4- methyluracil  as 
scintillating,  colorless  needles  with  m.  p.  295-298*. 

Found  <70;  C  49.86;  H  6.64:  N  24.61.  CylluOzNj.  Calculated C  49.69;  H  6.56;  N  24.84. 

5-  Diniethylamino- 4- methyluracil  hydrochloride  monohydrate.  A  strong  heating  up  of  the  reaction 
mixture  was  observed  when  1  g  (0.0048  mole)  cf  5-dimetliylamino-4- methyluracil  was  mixed  with  1.5  ml 
(0.014  mole)  of  concentrated  HCl,  and  a  finely  crystalline  precipitate  was  obtained.  We  obtained  0.69  g 
of  the  salt  witli  m.  p.  253-255*. 

Found ‘To:  C  38.11;  H  6.47;  N  19.26;  Cl  15.87.  C7H14O3N5CI.  Calculated  <70;  C  37.58;  H  6.31; 

N  18.79:  Cl  15.85. 

SUMMARY 

1.  In  developing  the  Bamberger  method  for  the  oxidation  of  tertiary  amines  we  worked  out  a  convenient 
technique  for  obtaining  tlie  N- oxides  of  tertiary  arylalkyl  amines,  consisting  in  the  oxidation  of  the  amines  with 
3‘7o  hydrogen  peroxide  in  a  mixture  of  dioxane  and  water.  With  this  teclmique  we  obtained  diethylaniline 

N- oxide  monohydrate  and  dimethyl- o-toluidine  N-oxide  hydrochloride  in  good  yield. 

2.  The  reaction  of  5-bromo-4- methyluracil  witli  dimethylamine  gave  5-dimethylamino-4- methyluracil. 
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The  use  of  alkylfluorophospliinic  acid  derivatives  as  insecticides  is  prevented  by  tlielr  high  toxicity  to 
warm  blooded  animals.  Replacing  the  alkyl  by  aryl  usually  reduces  the  toxicity  of  the  compounds.  In  this 
paper  we  synthesized  some  esters  of  arylfluoro-  and  arylfluorothiophosphinic  acids  for  the  purpose  of  studying 
their  insecticidal  properties.  The  arylphosphinic  difluorides  needed  for  the  syntheses  were  described  by  us 
earlier  []J.  The  arylthiophosphiriic  difluorides  were  obtained  in  good  yields  from  die  corresponding  dichlorides 
by  reaction  widi  zinc  fluoride:  the  reaction  began  after  gentle  warming  and  went  briskly  with  much  evolution 
of  heat.  Phcnylthiophosphinic  difluoride  was  obtained  in  much  smaller  yield  by  replacing  the  oxygen  in 
phciiylphosphinic  dlfluoride  by  sulfur  using  phosphorus  pentasulfide  [2]. 

(1)  (in 

The  low  yield  of  (H)  (25%)  is  apparently  due  to  a  partial  decomposition  of  the  easily  hydrolyzed  (I)  when 
heated  for  a  long  time  in  glass  apparatus  at  160*.  The  fluorination  of  the  arylthiophosphinic  dichlorides  with 
antimony  trifluoride  gave  the  arylthiophosphinic  difluorides  in  low  yields,  since  a  large  amount  of  sulfur-con¬ 
taining  antimony  compounds  was  formed  as  die  result  of  side  reactions. 

TABLE  1 

Arylthiophosphinic  Difluorides  RCgH4P(S)F2 


Mn„  1 

•/.P 

K 

Boiling 

point 

2 

4'^ 

Empirical 

formula 

Found 

■ 

0 

73 

U 

Found 

Calc. 

M 

187—188° 

89.6 

1.301.3 

1.5260* 

CgllaPSFa 

41.97 

42.01 

17.73, 

17.51 

17.42 

CHa 

208-20'J 

73.6 

1.2513 

i 

1.5180 

C7H7PSF2 

46.39 

46.54 

16.05, 

16.24 

16.14 

Cl 

103-103(20) 

68.6 

1.4324 

1.5470 

C«H4PSF2C1 

47.07 

46.87 

14.35, 

14.25 

14.59 

•  Freshly  distilled  phenylphosphinic  difluoride  has  n**D  1.4650,  but  this  changes  rapidly 
as  the  result  of  hydrolysis  of  the  compound  by  atmospheric  moisture. 
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Tile  arylthiopliospliinic  difliiorides  are  colorless,  heavy  oils  with  a  characteristic  odor,  and  soluble  In 
most  ()rp,anic  solvents.  In  contrast  to  the  arylphosphinic  dlfhiorides,  which  are  hydrolyzed  by  water  with  the 
evolution  of  heat,  the  arylthiophosphinic  difliiorides  are  not  decomposed  by  water  even  when  heated.  In  their 
boiling  points  they  do  not  differ  from  the  corresponding  oxygen  analogs,  while  the  densities  and  refractive  in¬ 
dices  arc  somewhat  higher  for  the  corresponding  ihio  derivatives.  The  syntliesized  compounds,  their  constants, 
and  the  analysis  data  are  all  given  in  Table  1. 

The  atomic  refraction  data  for  the  alkylphosphinic  acids  [3J  was  used  in  calculating  the  molecular  re¬ 
fractions. 

The  fluorine  atoms  in  the  aryl-  and  arylthiophosphinic  difliiorides  do  not  have  the  same  chemical  activity. 
This  made  it  possible  for  us  to  obtain  a  series  of  esters  of  the  atylfluoro-  and  arylflnorothiophosphinic  acids. 

The  obtained  esters,  their  constants,  and  die  analysis  data  ate  summarized  in  Table  2. 

TABLE  2 

Esters  of  Phenylfluorophosphinic  Acid  CgH5P(0)F(0R) 


Boiling 

1 

Empirical 

formula 

i 

M  H,  1 

•/oP  1 

•loF 

K 

point 
(pressure 
in  mm) 

.c 

i 

d'i  I 

Found 

0 

a 

u 

n  a 
Found 

ci 

13 

0 

•XI 

a 

1  => 

0 

11, 

Calc. 

1 

CM  3 

1 

S5-H(;o  (4) 

1 

1.48!»r)i 

! 

1 

C,II„02PF 

40.22 

40.13 

1.8.00. 

17.95 

17.82 

10.78, 

11.04 

10.92 

C2llfi 

95(2) 

64.7 

l.l'.lllj 

1.4835 

45.12 

44.75 

16.2.5, 

16.12 

16.45 

i 

10.18, 

9.95 

10.10 

iso- 

C3II7 

133-134(18) 

84.7 

1.148o| 

1.4770 

CnllioOzPF 

49.73 

49.37 

15.21, 

1.5.51 

15.35 

9.42, 

9.69 

9.41 

The  esters  of  the  arylfluorothiophosphinic  acids  were  obtained  by  reacting  the  appropriate  dlfluorldes 
with  alcohols  in  the  presence  of  triethylamine,  and  also  by  reacting  tlie  difliiorides  with  alcohol  solutions  of 
the  alcoholates  or  with  the  dry  phenolates.  The  esters  are  colorless  liquids,  are  soluble  in  most  organic  solvents, 
and  have  boiling  points  that  are  quite  close  to  those  of  the  oxygen  analogs.  They  are  iasoluble  in  water,  and 
do  not  hydrolyze  even  when  heated. 

The  formation  of  a  mercaptan,  tlie  amount  of  which  increased  if  the  reaction  was  run  at  50*,  was  observed 
In  the  preparation  of  the  methyl  esters  of  phenyl-  and  p-tolylfluorotliiophosphinic  acids. 

The  obtained  esters,  their  constants,  and  the  analysis  data  are  summarized  in  Table  3. 

All  of  the  compounds  synthesized  by  us  proved  to  be  good  insecticides.  The  toxicity  of  some  of  the  aryl¬ 
fluorothiophosphinic  esters  to  warm  blooded  animals  does  not  exceed  the  toxicity  of  currently  used  organo- 
phosphorus  insecticides. 


EXPERIMENTAL 

The  thiophosphinic  dichlorides  were  obtained  from  the  corresponding  dichlorophosphines  by  the  addition 
of  sulfur  in  the  presence  of  aluminum  chloride  [4]. 

p-Chlorophenylthiophosphinic  dichloride.  A  mixture  of  55.6  g  of  p-chlorophenyldichlorophosphine, 

11.9  g  of  sulfur  and  2.7  g  of  aluminum  chloride  in  a  Claisen  flask,  fitted  with  a  column,  was  cautiously  heated 
with  a  free  flame  for  several  minutes,  and  then  the  mixture  was  distilled.  Yield  54.5  g  (85,3'7o).  B.  p.  155* 
at  14  mm,  n^*D  1.6365,  d“  1.506. 

Found  P  14.35,  14.25.  CeH^PSClj.  Calculated  <70:  P  14.59. 
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The  dlanilide  was  obtained  as  colorless  needles.  M.  p.  158-159*  (from  aqueous  alcohol). 

Found  <70:  P  8.77,  8.74.  CigHigNzPSCl.  Calculated  P  8.65. 

Phenylthiophosphinic  difluoride.  Phenylthiophosphinic  dichloride  (27.4  g)  was  placed  in  a  V/uriz  flask 
and  heated  with  a  free  flame  nearly  to  the  boil.  Then  20  g  of  zinc  fluoride  was  added  in  portions  without 
admitting  any  air.  At  die  end  of  reaction  the  product  was  vacuum-distilled  using  a  water- jet  pump  and  a 
strongly  cooled  receiver,  yield  21.1  g  (89.6  %).  B.  p.  186-188*,  or  82*  at  20  mm. 

The  odier  arylthiophosphinic  difluorides  were  obtained  in  a  similar  manner. 

Methyl  ester  of  phenylfluorophosphinic  acid.  To  a  solution  of  7.2  g  of  phenylphosphinic  difluoride  in 
20  ml  of  benzene  was  added  in  drops,  with  water  cooling,  a  benzene  solution  of  1.8  ml  of  metliyl  alcohol  and 
6.2  ml  of  triediylamine  at  a  temperature  not  exceeding  17*.  The  reaction  mixtuie  was  allowed  to  stand  over¬ 
night,  after  which  the  benzene  solution  was  washed  with  water  and  dried.  The  benzene  was  distilled  off,  and 
tlie  product  was  vacuum- distilled. 

The  same  procedure  was  used  to  obtain  the  ethyl  and  isopropyl  esters  of  phenylfluorophosphinic  acid,  the 
methyl  and  isopropyl  esters  of  phenylfluorothiophosphinic  acid,  and  also  the  esters  of  p-tolylfluorothiophosphinic 
acid. 

Ethyl  ester  of  phenylfluorothiophosphinic  acid.  A  solution  of  0.65  g  of  sodium  in  14  ml  of  anhydrous 
alcohol  was  added  in  drops  and  with  stirring  to  a  solution  of  5  g  of  phenylthiophosphinic  difluoride  in  20  ml  of 
benzene  in  5  minutes.  Here  the  temperature  rose  to  40*.  The  reaction  mixture  was  allowed  to  stand  overnight, 
after  which  it  was  washed  witli  water,  dried,  and  vacuum-distilled. 

Phenyl  ester.  A  solution  of  4.1  g  of  sodium  phenolate  in  60  ml  of  dry  dioxane  was  added  in  drops,  with 
stirring  and  ice  water  cooling,  to  a  solution  of  5.8  g  of  phenylthiophosphinic  difluoride  in  16  ml  of  dioxane. 

The  reaction  mixture  was  heated  for  1  ho'ir  at  50*,  after  which  it  was  diluted  strongly  with  water,  and  tlie  heavy 
oil  layer  of  phenyl  ester,  collecting  on  the  bottom  of  tlie  separatory  funnel,  was  washed  several  times  with  water, 
extracted  witli  benzene,  and  tlie  benzene  solution  was  dried  and  then  vacuum- distilled. 

p-Chlorothiophenyl  ester.  A  solution  of  0.48  g  of  Na  in  10  ml  of  anhydrous  methanol  was  added  to  a 
solution  of  3  g  of  p-clilorothiophenol  in  20  ml  of  metlianol.  The  alcohol  was  distilled  on  the  water  bath  using 
the  vacuum  of  a  water- jet  pump.  The  sodium  tliiophenolate  was  suspended  in  100  ml  of  dioxane  and  added  in 
portions  to  3.7  g  of  phenylthiophosphinic  difluoride.  The  mixture  was  allowed  to  stand  overnight.  Subsequent 
treatment  was  tlie  same  as  already  described  for  die  preparation  of  the  phenyl  ester  of  phenylfluorothiophosphinic 
acid. 


SUMMARY 

The  synthesis  of  the  phenyl-,  p-chlorophenyl-  and  p-tolylthiophosphinic  difluorides  was  described.  A 
number  of  esters  of  phenylfluorophosphinic  acid  and  of  phenyl-  and  p-tolylfluorothiophosphinic  acids  were 
prepared. 
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Recently  tlie  m-  and  p-nitrophenylchloromethylcarbinols  became  readily  available  compounds  [Ij.  We 
decided  to  convert  tlicm  to  the  m-  and  p-aminophenyletliylcne  glycols,  which  could  be  useful  in  the  synthesis 
of  dyes  and  high-molecular  compounds.  The  synthesis  of  the  m-  and  p- nitrophenylcthylene  glycols  was 
accomplished  by  heating  the  appropriate  nitrophenylchloromethylcarbinols  witli  aqueous  potassium  carbonate 
solution. 

N02CnH4cnoii(;u2a  ->  NO2QU4C110UCM2OH 

(I) 


Both  glycols  are  very  soluble  in  water,  for  which  reason  after  reaction  they  were  extracted  from  the  reaction 
mixture  in  an  extractor  using  either  ether  or  dichloroethane.  m-Nitrophenylethylene  glycol  was  also  obtained  by 
the  hydrolysis  of  the  diacetyl  derivative  (II)  according  to  the  scheme: 

m~  \’02QH4C.II-CH2C1  cii.cook  m-NOiCflU/'.ll-ClIzOCOCHj 

OCOCII3  OCOCU3 

(II) 

ni-N02Cr.n4UHOncn2on 

p-Nitrophenylethylene  glycol  is  obtained  when  p-nitrostyrene  oxide  is  heated  with  l°]o  sulfuric  acid.  The 
hydration  of  m-nitrostyrene  oxide  is  a  much  more  complicated  process.  In  this  case,  a  large  amount  of  by¬ 
products  is  formed,  making  isolation  of  the  m-nitrophenylethylene  glycol  difficult. 

The  oxidation  of  p-nitrophenylethylene  glycol  witlt  dilute  nitric  acid  yields  p-nitrobenzoylcarbinol  (III) 
with  m.  p.  134-135*. 

p-N08CoH4Cn011CIlaOM  — >  P-NO2C6H4COCH29H 

(HI) 

Engler  and  Zielke  give  a  m.  p.  of  121  *  [2]  for  (III).  The  indicated  authors  obtained  (III)  from  p-nitro- 
bromoacetophenone  by  replacing  the  bromine  by  the  acetoxy  group,  followed  by  hydrolysis  of  the  not  isolated 
acetyl  derivative  with  boiling  water.  The  acetyl  derivative  of  p-nitrobenzoylcarbinol  was  obtained  later  by 
Bradley  and  Schwarzenbach  by  heating  tu-diazo-p-nitroacetophenone  with  acetic  acid  [3].  They  give  a  m.  p. 
of  121-122*  for  the  compound.  We  synthesized  the  acetyl  derivative  of  carbinol  (III)  from  p-nitrochloroaceto- 
phenone  and  also  obtained  a  compound  with  m.  p.  121-122*.  Hydrolysis  of  this  compound  by  refluxing  with 
dilute  sulfuric  acid  gave  a  compound  with  m.  p.  132-133*,  which  failed  to  depress  the  melting  point  when 
mixed  with  the  compound  (III)  obtained  by  the  oxidation  of  p-nitrophenylediylene  glycol.  As  a  result,  Engler 
and  Zielke  assumed  that  the  acetyl  derivative  was  (III). 
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The  reduction  of  the  m-  and  p-nitrophenylethylene  glycols  to  the  corresponding  amino  compounds  was 
accomplished  using  hydrogen  in  the  presence  of  eitlter  Raney  nickel  or  platinum  catalyst.  We  also  obtained 
m-aminophenylchloromethylcarbinol  by  the  reduction  of  the  corresponding  nitro  compound  with  hydrogen  in 
the  presence  of  platinum. 

The  reduction  of  p-nitrophenylchloromethylcarbinol  in  alcohol  solution  with  hydrogen,  either  when 
heated  in  the  presence  of  Raney  nickel,  or  when  run  in  the  cold  in  the  presence  of  platinum,  yields  high-melting 
products  of  unestablished  structure.  We  were  able  to  obtain  the  acetyl  derivative  of  p-aminophenylchloro- 
methylcarbinol  by  reduction  of  the  nitro  compound  v;ith  hydrogen  in  a  mixture  of  acetic  acid  and  acetic 
anliydride  as  tire  solvent,  and  using  platinum  as  the  catalyst.  All  of  the  obtained  amino  compounds  were  con¬ 
verted  to  the  corresponding  azo  dyes  by  coupling  with  6-hydroxynaphthoic  acid. 

EXPERIMENTAL 

p-Nitrophenylethylene  glycol,  a)  A  mixture  of  40  g  of  p-nitrophenylchloromethylcarbinol  (m.  p.  84*), 

20  g  of  potassium  carbonate  and  80  ml  of  water  was  heated  with  constant  stirring  at  100*  for  35  hours.  The 
mixture  was  cooled  and  then  extracted  in  a  liquid  extractor  with  dichloroethane  for  15  hours.  The  dichloro- 
ethane  layer  was  dried,  and  the  dichloroethane  was  removed  by  distillation.  Yield  36.2  g  (61.6%),  m.  p. 
79-80*.  For  analysis  the  compound  was  recrystallized  from  chloroform.  M.  p.  81-82*.  The  compound  is 
readily  soluble  in  water,  alcohol  and  acetone,  and  more  difficultly  soluble  in  chloroform  and  benzene. 

Found  %;  N  7.56,  7.63.  C,H504N,  Calculated  %;  N  7.65. 

b)  A  mixture  of  5  g  of  p-nitrostyrene  oxide  and  50  ml  of  1%  sulfuric  acid  was  stirred  for  24  hours  at 
50*.  A  small  amount  of  oil  layer  was  separated.  One  gram  of  barium  chloride  was  added  to  the  water  solution. 
The  barium  sulfate  was  filtered,  and  the  water  was  vacuum- distilled  on  tlie  water  bath.  The  product  solidified 
m  cooling  and  was  recrysiallized  from  dichloroetliane.  Yield  3.2  g  (58%),  m.  p.  78-79*.  The  mixed  melting 
point  with  the  product  obtained  in  (a)  was  not  depressed. 

The  dibcnzoyl  derivative  of  p-nitrophenylethylene  glycol  was  obtained  by  heating  the  glycol  with  benzoyl 
chloride  in  pyridine.  M.  p.  108  109*  (from  methyl  alcohol). 

Found  %:  N  3.74,  3.78.  C22H17O6N.  Calculated  %:  N  3.58. 

m-Nitrophenylethylene  glycol  was  obtained  in  tlie  same  manner  as  the  p- isomer  by  method  (a):  from 
57.7  g  of  m-nitrophenylchloromethylcarbinol  (m.  p.  44*)  we  obtained  43.8  g  (84%)  of  the  glycol  with 
m.  p.  79*.  For  analysis  tlie  product  was  recrystallized  from  chloroform.  M.  p.  80*. 

Found  %:  N  7.76,  7.84.  CjHjO^N.  Calculated  %;  N  7.65. 

The  diacetyl  derivative  of  m-nitrophenylethylene  glycol  was  obtained  by  heating  the  latter  with  acetic 
anliydride  in  pyridine.  M.  p.  86-87*  (from  methanol). 

Found  %:  N  5.21,  5.36.  CijHisOfiN.  Calculated  %:  N  5.24. 

b)  A  mixture  of  48.7  g  of  the  acetyl  derivative  of  m-nitrophenylchloromethylcarbinol  with  m.  p.  72*, 

22  g  of  potassium  acetate  and  50  ml  of  glacial  acetic  acid  was  refluxed  for  10  hours.  The  mixture  was  then 
poured  into  water.  The  product  was  filtered  and  washed  witli  water.  The  yield  of  the  diacetyl  derivative  of 
m-nitrophenylethylene  glycol  was  43.1  g  (80.7%),  m.  p.  84-85*.  After  recrystallization  from  methanol, 
m.  p.  86-87*.  The  mixed  melting  point  with  the  product  obtained  from  m-nitrophenylethylene  glycol  was 
not  depressed.  A  mixture  of  24.5  g  of  tlte  diacetyl  derivative  and  25  ml  of  10%  sulfuric  acid  was  refluxed 
for  4  hours;  the  solution  after  cooling  was  neutralized  with  17  ml  of  40%  NaOH  solution,  die  mixture  extracted 
with  ether,  the  ether  solution  dried,  the  edier  distilled  off,  and  the  residue  allowed  to  crystallize.  Yield  16.4  g 
(97.5%),  m.  p.  77*.  The  mixed  melting  point  with  the  glycol  obtained  by  method  (a)  was  not  depressed. 

p-Nitrobenzoylcarbinol.  a)  A  mixture  of  10  g  of  p-nitrophenylethylene  glycol  and  15  ml  of  nitric  acid 
(d  1.35)  was  allowed  to  stand  at  20*  for  48  hours.  The  mixture  was  then  diluted  with  water.  The  precipitate 
was  filtered,  washed,  and  dried.  Yield  5.5  g  (55.5%),  m.  p.  133-134*.  After  recrystallization  from  water, 
m.  p.  134-135*. 
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Found  <7o:  N  7.60,  7.68.  C8H7O4N.  Calculated  <7o:  N  7.78. 

b)  A  mixture  of  20  g  of  p-nitrochloroacetophenone  (m.  p.  91-92*),  12  g  of  potassium  acetate  and 
20  ml  of  acetic  acid  was  refluxed  for  2  hours.  The  mixture  was  then  diluted  with  water.  The  precipitate 
was  filtered  and  recrystallized  from  metlianol.  Yield  17  g  ilb.b^o),  m.  p.  121-122*. 

A  mixture  of  5  g  of  p-nitrobenzoylcarbinol  acetate  and  125  ml  of  5*^0  sulfuric  acid  was  refluxed  for 
30  minutes.  The  mixture  was  then  cooled  and  the  obtained  precipitate  was  recrystallized  from  water;  m.  p. 
132-133*.  The  material  failed  to  depress  the  melting  point  when  mixed  with  the  compound  obtained  by 
method  (a). 

p-Aminophenylethylene  glycol,  a)  To  a  solution  of  1.8  g  of  p-nitrophenylethylene  glycol  in  20  ml 
of  water  was  added  0.5  g  of  Raney  nickel  and  then  the  hydrogenation  was  run  at  70-80*.  The  catalyst  was 
filtered,  and  tlie  water  was  distilled  using  the  vacuum  of  the  water- jet  pump.  The  product  was  recrystallized 
from  benzene.  Yield  1  g  (66%).  M.  p.  98-99*. 

Found  %:  N  8.99,  9.23.  CjlluOzN.  Calculated  %:  N  9.15. 

b)  To  a  solution  of  3  g  of  p-nitrophenylethylene  glycol  in  15  ml  of  alcohol  was  added  0,05  g  of 
platinum  catalyst  and  tlien  the  hydrogenation  was  run  at  room  temperature  with  shaking  on  a  mechanical 
shaker.  The  catalyst  was  filtered,  and  the  alcohol  was  vacuum-distilled.  Yield  2.4  g  (97%).  M.  p.  98-99*. 

m- Aminophenylethylene  glycol  was  obtained  in  the  same  manner  as  the  p- isomer  and  in  the  same  yields. 
M.  p.  68-69*  (from  chloroform). 

Found  %:  N  8.86,  8.88.  CjiluOjN.  Calculated  %:  N  9.15. 

Acetyl  derivative  of  p-aminophenylchloromethylcarbinol.  To  a  solution  of  3  g  of  p-nitrophenylchloro- 
methylcarbinol  in  a  mixture  of  10  ml  of  acetic  aniiydride  and  5  ml  of  glacial  acetic  acid  was  added  0.05  g 
of  platinum  catalyst  and  the  hydrogenation  run  at  room  temperature  with  shaking  on  a  mechanical  shaker. 

The  catalyst  was  filtered.  The  filtrate  was  diluted  with  cold  water.  The  product  was  recrystallized  from 
aqueous  alcohol.  The  yield  was  quantitative.  M.  p.  132-133*. 

Found  %:  N  6.22,  6.25.  CjqHj202NC1.  Calculated  %:  N  6.55. 

m- Aminophenylchlorometltylcarhinol.  A  solution  of  3  g  of  m-nitrophenylchloromethylcarbinol  in 
15  ml  of  alcohol  was  liydrogenated  in  the  presence  of  platinum  catalyst  (0.05  g).  The  yield  was  quantitative 
(2.4  g).  M.  p.  72-73*  (from  benzene). 

Found  %;  N  7.88,  8.09.  C,HioONCl.  Calculated  %:  N  8.15. 

Dyes  were  obtained  when  the  above  amino  compounds  were  diazotized  and  then  coupled  with  6 -hydroxy- 
naphthoic  acid.  The  dye  from  p- aminophenylethylene  glycol  was  obtained  as  red  needles  (IV)  with  m.  p. 
224-225*,  and  \.niax  515  mp  ;  the  dye  from  m-aminophenylediylene  glycol  was  obtained  as  red-violet 
needles  (V)  with  m.  p.  215-216°,  and  Xniax  509  mp;  tlte  dye  from  m-aminophenylchloromethylcarbinol 
was  obtained  as  red  needles  (VI)  witli  m.  p.  223-224*,  and  \max  509  mp. 

Analysis  IV.  Found  %:  N  7.78,  7.85.  C19H16O5N2.  Calculated  %:  N  7.95. 

Analysis  V.  Found  %;  N  8.18,  8.26.  C19H15O5N2.  Calculated  %;  N  7.95. 

Analysis  VI.  Found  %:  N  7.82,  7.83.  q,Hi504N2Cl.  Calculated  %:  N  7.55. 

SUMMARY 

The  following  compounds  were  synthesized:  m-  and  p-nitrophenyletliylene  glycols,  m-  and  p-amino- 
phenylethylene  glycols,  p-nitrobenzoylcarbinol,  m-aminophenylchlorometliylcarbinol,  and  p-acetamido- 
phenylcliloromethylcarbinol. 
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The  purpose  of  the  present  investigation  was  to  syntliesize  the  vinylene  homolog  of  benzotrifluoride  (I) 
and  die  corresponding  acetylenic  compound  (II). 

('ol  l.-,CI  l=Cn-CF3  ('.fil  l^feC-CF., 

(i)  (II) 


As  the  starting  compound  we  took  1- phenyl- 2- trichloromethylethyleue  (III),  obtained  by  the  addition  of 
trichlorobromomcthane  to  styrene  and  subsequent  cleavage  of  hydrogen  bromide  [1,  2J. 

It  is  known  that  the  chlorine  in  benzotrichloride  is  easily  replaced  by  fluorine  using  antimony  trifluoride 
wiiliout  a  catalyst  [3].  It  was  interesting  to  determine  if  a  similar  exchange  would  take  place  in  the  vinylene 
homolog  of  benzotrichloride.  It  proved  that  tarring  occurs  when  (111)  is  heated  with  antimony  trifluoride, 
cither  in  the  presence  or  absence  of  antimony  pemachloridc.  The  fluorination  of  (III)  in  dichloroethane  solution 
leads  to  a  mixture  of  chlorofluoro  derivatives.  The  obtained  product  is  difficult  to  separate  from  the  solvent  if 
the  reaction  is  run  in  chlorobenzene.  Using  antimony  trifluoride,  replacement  of  the  chlorine  in  compound 
(III)  by  fluorine  goes  smootlily  in  dioxane  solution.  Here  (I)  is  obtained  in  good  yield. 

1- Phenyl- 2- trifliioromcthylethylene  (I)  is  a  colorless  liquid  witli  a  pleasant  odor,  and  is  readily  soluble 
in  all  organic  solvents.  It  readily  adds  chlorine  or  bromine  to  yield  a  mixture  of  two  diastereomers.  It  proved 
impossible  to  separate  diem  by  vacuum-distillation.  A  pure  isomer  was  isolated  when  the  solid  dibromide  was 
recrystallized  until  die  melting  point  remained  constant.  This  isomer  was  heated  with  concentrated  sulfuric 
acid  to  convert  it  to  the  corresponding  dibromocinnamic  acid.  However,  decomposition  of  die  compound 
occurred  here  with  the  formation  of  tar  and  die  evolution  of  CO2,  HBr,  Br2  and  HF.  We  were  also  unable  to 
hydrolyze  phenyltrifluoromeihylediylene  to  the  cinnamic  acid  by  heating  with  concentrated  sulfuric  acid.  Here 
the  reaction  went  with  the  formation  of  polystyrene. 

1- Phenyl- 2- trifluoromeihylediylene  does  not  enter  into  dienic  syndiesis.  The  formation  of  an  adduct 
fails  to  occur  when  die  compound  is  heated  widi  anthracene  in  refluxing  xylene  for  24  hours,  or  when  it  is 
heated  with  cyclopentadiene  in  benzene  solution  in  a  sealed  ampul  for  3  hours  at  90°  and  for  2  hours  at  130*. 

(1)  does  not  give  die  oxide  when  reacted  widi  benzene  hydroperoxide  by  the  Prilezhaev  method,  in  chloroform 
solution  at  20*  for  4  days,  and  does  not  add  trichlorobromomeihane  when  refluxed  in  the  presence  of  benzoyl 
peroxide  for  12  hours. 

(II)  was  obtained  according  to  die  scheme; 


(jgll'di — (.IKilj  N/r  ill  Koil 

-6..,  ^  (;,„.cn^ciirr.F3 

Hr  lir 

(IV)  (V) 


(11) 
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We  assigned  structure  (V)  to  the  product  ob¬ 
tained  by  the  cleavage  of  hydrogen  bromide  from 
(IV).  It  is  known  that  a  hydrogen  atom  found  a  to 
the  trifluorometliyl  group  has  a  high  acidity.  For 
this  reason  it  is  specifically  this  hydrogen  that  is 
cleaved  when  reaction  is  with  nucleophilic  agents 
[4,  5J. 

The  trifluoromethyl  group  in  phenyltrifluoro- 
metliylacetylene  is  stable  toward  alkalies.  This  can 
be  seen  from  the  fact  that  (II)  is  obtained  from  (V) 
in  good  yield  when  the  latter  is  reacted  with  fused 
KOH  at  230“. 

Phenyltrifluoromethylacetylene  readily  adds 
two  atoms  of  bromine.  Further  addition  fails  to 
occur  when  the  obtained  dibromide  is  heated  in 
glacial  acetic  acid  solution  with  bromine  for  7  hours 
at  100- 110  *j  here  tlie  starting  compound  is  recovered. 
Four  atoms  of  chlorine  add  to  (II).  In  contrast  to 
bis(trifluoromeihyl)acetylene  [6J,  (II)  fails  to  add 
acetic  acid  when  refluxed  for  2  hours  in  the  presence 
of  sodium  acetate  and  acetic  anliydride. 

An  enumeration  of  the  liquid  compounds 
obtained,  their  properties,  and  tlie  analysis  data  are 
given  in  the  table.  It  is  inieresting  to  mention  that 
1- phenyl- 2- trifluoromeihylethylene  boils  above  the 
acetylenic  compound.  In  like  manner  trifluoro- 
metliylethylene  bolls  above  trifluoromethylacetylene 
[7,  8].  The  reverse  relationship  is  observed  for  the 
corresponding  hydrocarbons,  and  here  the  acetylenic 
compounds  boil  above  the  ethylenic. 

The  absorption  and  extinction  maxima  of  (I) 
and  (II)  in  alcohol  were  determined :(I)  X^iax 
€  =1.32-i0‘*{  (II),  236  m/i,  €=l,44•10^ 

A  similar  shift  of  the  absorption  maximum  toward 
shorter  wavelengtlis  was  established  when  the  ultra¬ 
violet  absorption  spectra  of  styrene  and  phenyl- 
acetylene  were  compared  [9J. 

EXPERIMENTAL 


1-  Phenyl-  2-  trifluoromethyletliylene  (I). 
Antimony  trifluotide  (190  g;  1.05  moles)  was  mixed 
with  560  ml  of  anhydrous  dioxane.  Then  50  ml  of 
dioxane  was  distilled  off  to  completely  remove 
moisture.  After  cooling,  133  g  (0,6  mole)  of  1- 
phenyl-2-trichloromethylethylene  was  added  and 
the  mixture  was  refluxed  for  7  hours.  Then  the 


mixture  was  treai\;d  wlili  1  liter  of  20%  hydrochloric 
acid,  followed  by  extraction  with  ether  (3  x  250  ml). 
The  combined  ether  extract  was  washed  well  with 


20%  hydrochloric  acid  to  remove  antimony  salts. 
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and  then  it  was  washed  with  water,  b^o  sodium  carbonate  solution,  and  again  with  water.  The  solution  was  dried, 
the  ether  was  distilled  off,  and  the  residue  was  vacuum- distilled.  The  fraction  with  b.  p.  60-62*  at  20  mm  was 
collected.  For  purification,  tlie  product  was  redistilled.  Yield  83  g  (SO^^o). 

1- Phenyl- 1,2- dibromo- 3,3,3- trifluoropropane  (IV).  To  a  solution  of  13  g  of  (I)  in  40  ml  of  dry  chloroform 
was  added  3.9  ml  of  bromine  and  the  mixture  was  heated  for  1  hour  at  40-50*,  with  illumination  by  a  300- watt 
lamp.  Wlien  the  solution  had  decolorized, the  chloroform  was  vacuum- distilled  using  a  water- jet  pump.  The 
yield  of  the  dlbromide  was  quantitative  (24.8  g).  The  mixture  was  vacuum-distilled,  b.  p.  86-89"  at  0.1  mm. 

Found  <70:  C  32.50,  32.52;  H  1.93,  1.97?  Br  48.05,  48.20.  C^l7Br2F3.  Calculated C  32.56; 

H  2.13;  Br  48.14. 

Rccrystallization  of  the  mixture  from  aqueous  methanol  gave  one  of  tlie  isomers  in  64*70  yield.  M.  p, 

59.5*. 

Found  Br  48.37,  48.56.  CjIi^BrzFg.  Calculated  "/o:  Br  48.14. 

1  -  Phenyl- 1,2-dichloro- 3, 3, 3- trifluoropropane.  To  a  solution  of  4.33  g  (0.025  mole)  of  (I)  in  10  ml 
of  dry  carbon  tetrachloride  was  added  a  solution  of  2.22  g  (0.0315  mole)  of  chlorine  in  30  ml  of  carbon  tetra¬ 
chloride  and  the  mixture  heated  for  1  hour  at  60",  with  illumination  by  a  300- watt  lamp.  The  solvent  was 
removed  by  distillation  through  a  Vigreux  column,  while  the  residue  was  vacuum-distilled.  The  fraction  with 
b.p.  90-91*  at  15  mm  was  collected.  For  analysis,  tlie  product  was  redistilled.  Yield  4.3  g  (92^o). 

1-  Phenyl-  2-bromo-  2-  trifltioroniethylethylene  (V).  A  mixture  of  13.3  g  of  (IV)  and  90  ml  of  dry  triethyl- 
amine  was  refluxed  witli  stirring  for  6  hours,  eooled,  and  the  crystals  of  trietliylamine  hydrobromide  filtered. 

The  filtrate  was  poured  into  0.5  liter  of  10*7o  sulfuric  acid  and  tlie  product  was  extracted  with  etlier  (2  x  150  ml). 
The  combined  ether  extract  was  washed  with  10%  sulfuric  acid,  water,  5%  sodium  carbonate  solution,  again 
with  water,  and  dried.  The  etlier  was  distilled  off.  The  product  was  vacuum-distilled.  Yield  7.85  g  (90%). 

Pheny Itrifluoromethylacetylene  (II).  A  charge  of  20  g  of  KOIl  was  placed  in  a  Claisen  flask  and  heated 
in  an  oil  bath  at  230”  (bath  temperature).  Then  12.6  g  of  (V)  was  added  from  a  dropping  funnel  at  a  rate  of 
1  drop  every  1-2  seconds.  The  bath  temperature  was  raised  as  (V)  was  added,  and  at  the  end  of  addition  was 
250*.  The  flask  contents  were  shaken  at  periodic  intervals.  Then  (ll)  was  steam-distilled.  The  steam  distillate 
was  extracted  wiili  ether,  tlic  water  was  separated,  and  tlie  ether  solution  was  dried.  The  ether  was  distilled  off, 
and  tlie  product  was  distilled  through  a  10  cm  Vigreux  column.  The  first  fraction  was  collected  up  to  145*, 
while  tlie  second  fraction  had  b.  p.  145-165*.  The  2nd  fraction  was  treated  once  more  with  KOH,  as  described 
above.  The  total  yield  of  phcnyltrifluoromethy lacctylene  with  b.  p.  144-145*  was  6.45  g  (76%). 

l-Phenyl-l,2-dibromo-  2-  trifluorometliylethvlcnc.  To  a  solution  of  2.55  g  of  (II)  in  10  ml  of  dry  chloro¬ 
form  was  added  0.8  ml  of  bromine.  The  mixture  was  heated  for  1  hour  at  40-50*,  with  illumination  by  a 
300- watt  lamp.  When  decolorization  occurred  die  chloroform  was  distilled  through  a  Vigreux  column.  The 
residue  was  vacuum-distilled.  Yield  4.3  g  (87%). 

1- Phenyl- 1,1, 2,2-  tetrachluro- 3,3,3- trifluoropropane.  To  a  solution  of  3.4  g  (0.02  mole)  of  (II)  in  5  ml 
of  dry  carbon  tetrachloride  was  added  a  solution  of  3.4  g  of  chlorine  (0.048,  mole)  in  30  ml  of  carbon  tetra¬ 
chloride.  The  mixture  was  illuminated  and  heated  for  1  hour  at  50-60",  and  then  refluxed  for  15  minutes. 

When  the  solution  had  decolorized, die  carbon  tetrachloride  was  distilled  off.  The  residue  was  vacuum-distilled. 
Yield  5.35  g  (86%). 


SUMMARY 

1-Phenyl- 2- trifluoromethylethylene,  phenyltrifluoromethylacetylene,  and  their  halo  derivatives  were 
synthesized,  and  a  study  made  of  their  properties. 
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PH  ENY  LB  IS  (T  RICH  LOROME  THY  L)  PHOSPHINE  OXIDE, 

PHENYLTRICHLOROMETHY  LPHOSPHINIC  ACID,  AND 
THEIR  DERIVATIVES 

L.  M.  Yagupol'skii  and  P.  A.  Yufa 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  of  die  Ukrainian  SSR 
Translated  from  Zhurnal  Obshchei  Khlmii,  Vol.  30,  No.  4,  pp.  1294-1299,  April,  1960 
Original  article  submitted  May  5,  1959 

The  purpose  of  the  present  investigation  was  to  syndiesize  some  compounds  in  which  the  phosphorus  atom 
is  linked  to  the  benzene  ring  and  to  either  one  or  two  trichloromediyl  groups.  As  the  starting  compound  we 
took  a;,(x;'-dlchlorodimediylphenylphosphine  oxide  [1],  This  compound  was  chlorinated  at  150-215*  to  give 
phenylbis(trichIoromethyl)phosphine  oxide  (I). 

0  O 

II  II 

Cen6p(cn,ci)2  ->  C<,H6P(CCI3)2 

(I) 

We  also  obtained  w,a)'-dlchlorodlmethyl(p-chlorophenyl) phosphine  oxide  by  reacting  p-chlorophenyl- 
phosphorus  tetrachloride  widi  diazomediane,  and  then  by  chlorination  converted  it  to  p-chlorophenylbls(trl- 
chloromediyl)  phosphine  oxide  (11). 

Oxides  (1)  and  (11)  are  colorless  crystalline  compounds  that  are  net  affected  by  aqueous  solutions  of  acids 
or  alkalies  either  in  the  cold  or  when  heated  up  to  100*.  In  contrast  to  bcnzotrichloride,  phenyl  trichloromediyl 
ether  and  phenyl  trichloromediyl  sulfide,  the  arylbls(trichloromethyl)  phosphine  oxides  (I  and  II)  are  so  stable 
that  we  were  able  to  nitrate  them  with  mixed  acid  at  100*.  Here  the  nltro  derivatives  wldi  the  following 
structure  were  obtained. 


r,i 


There  is  no  doubt  as  to  the  position  of  the  nitro  groups,  since  ft  was  shown  by  us  that  a),a»*-dlchIorodi- 
methylphenylphosphine  oxide  nitrates  exclusively  in  the  meta- position  [Ij. 

As  the  starting  compound  for  the  synthesis  of  the  derivatives  of  phenyltrichloromediylphosphinic  acid  we 
took  the  ediyl  ester  of  the  acid.  The  latter  was  obtained  from  die  ethyl  ester  of  phenylphosphinous  acid  and 
carbon  tetrachloride  by  the  G.  Kamai  mediod  [2J.  We  investigated  the  reaction  of  ediyl  phenyltrichloromethyl- 
phosphinate  (III)  widi  PClg.  The  heating  of  (III)  widi  1  mole  of  PClg  at  110-120*  yields  phenyltrlchloro- 
mediylphosphinic  chloride  (IV)  according  to  the  equation: 
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CoHsP-oCjUs  +  PCI5 

(III) 


The  amount  of  ethyl  chloride  and  phosphorus  oxychloride  evolved  in  this  reaction  does  not  exceed  75®fo 
of  the  theoretical  even  when  the  mixture  is  heated  to  140-160*.  Besides  chloride  (IV),  a  certain  amount  of 
phenyltrichloromethylphosphinic  anhydride  (V)  is  always  formed,  apparently  according  to  the  scheme: 


^0  ^0 

r,,n,i*-cci3  + 

\0C2H5  ^CI 


That  it  is  possible  for  anhydride  (V)  to  be  formed  in  this  reaction  was  confirmed  by  special  experiment. 

It  proved  that  the  reaction  of  ester  (111)  with  2  moles  of  PCI5  also  failed  to  give  the  pure  chloride  (IV),  devoid 
of  the  phenyltrichloromethylphosphinic  anhydride  as  impurity.  Complex  (VI)  is  formed  when  eister  (III)  is  heated 
with  3  moles  of  PCI5  at  100-120*,  and  then  at  160*. 


,0 


C,6ll5P(Cr,l3)Cl3  .  PCI5 
(VI) 


Hydrolysis  of  this  complex  yields  phenyltrichloromethylphosphinic  chloride  (IV)  in  quantitative  yield. 

After  tlie  present  investigation  had  been  completed,  we  learned  of  a  reference  [3]  where  Uie  following 
scheme  is  given  for  obtaining  chloride  (IV): 


Celle  4-  PCI3  4-  AICI3  ^  C^jHePCIz  •  AICI3  CoIIel^CCl.i 

11,0  \ 


We  repeated  this  synthesis,  replacing  the  tetrachloroethane  by  an  excess  of  CCI4,  which  served  simul¬ 
taneously  as  reagent  and  solvent,  and  obtained  chloride  (IV)  in  54®7o  yield. 

A.  V.  Kirsanov  and  G.  K.  Fedorova  found  that  complexes  of  composition  ArPCl3  •  PCI5  are  formed  when 
arylphosphinic  chlorides  are  heated  with  2  moles  of  PCI5.  In  a  similar  manner,  the  heating  of  phenyltrichloro- 
methylphosphinic  chloride  with  2  moles  of  PCI5  gives  complex  (VI).  The  reduction  of  (VI)  with  red  phosphorus, 
or  even  better  by  the  method  of  [4J  with  methyl  phosphorodichlorldite,  yields  phenyltrichloromethylphosphorus 
chloride  (VII). 


C«H5p(CCl3)Cl3  .  PClg 


VI) 


p  or 


CH,OPCI, 


CeH5P(CCl3)Cl 


(VII) 


CbHsP-CI 

t  ^CC>3 

Cl,  |h.o 

CcH5P(CCl3)Cls 


(VII)  oxidizes  in  the  air  with  the  evolution  of  heatj  it  adds  1  mole  of  chlorine,  and  hydrolysis  of  the 
chlorination  product  yields  the  same  compound  as  is  obtained  by  oxidation,  namely  phenyltrlchloromethyl- 
phosphinic  chloride. 
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EXPERIMENTAL 


WfU'- Dlchlorodlmcthylpheny Iphosphlne  oxide  had  m.  p.  141-142*  [1], 

a;,u;’-Dichlorodimcthyl  (p-chlorophenyl)  phosphine  oxide  was  synthesized  in  the  same  manner  as  the 
previous  compound.  From  0.1  mole  of  p-chlorophenylphosphorus  tetrachloride  and  0.23  mole  of  diazo- 
methane,  after  hydrolysis  with  water,  we  obtained  10.8  g  (42%)  of  the  compound,  m.  p.  150-151*  (from 
aqueous  methyl  alcohol  or  from  benzene). 

Found  %;  Cl  40.86,  40.97.  CjHgOPClj.  Calculated  %:  Cl  41.36, 

Phenylbis(trtchloromethyl) phosphine  oxide  (1).  Into  a  flask,  fitted  with  an  inlet  tube  for  chlorine  and  a 
reflux  air  condenser  connected  to  a  calcium  chloride  tube,  was  charged  6.7  g  of  tu,w*-dichlorodlmethylphenyl- 
phosphine  oxide.  The  compound  was  heated  to  150*  and  then  a  slow  sueam  of  dry  chlorine  was  passed  into  the 
melt.  The  chlorination  was  run  at  150  to  215“  for  28-30  hours  until  the  calculated  weight  increase  (4.14  g) 
was  obtained.  At  the  end  of  chlorination  the  compound  crystallized  on  cooling.  The  compound  was  obtained 
as  colorless  crystals  when  recrystallized  from  either  alcohol  or  a  mixture  of  benzene  and  ligroin.  Yield  7  g 
(64.5%),  m.  p.  133-134*.  lire  compound  is  very  soluble  in  benzene,  and  is  insoluble  in  petroleum  ether. 

Found  %:  Cl  58.86,  59.14.  CgHgOPClg.  Calculated  %:  Cl  59.0. 

p-Chlorophenylbis(trichloromethyl)phosphine  oxide  (II)  was  obtained  in  tire  same  manner  as  the  preceding 
compound.  tu.tu'-Dichlorodimcthylfp-ciilorophcnyl) phosphine  oxide  (3.8  g)  was  chlorinated  at  170-220*  for 
19  hours.  Yield  3.25  g  (57%),  m.  p.  148-149*  (from  metliyl  alcohol  or  a  mixture  of  benzene  and  ligroin). 

Found  %;  Cl  63.13,  63.17.  C8H4OPCI7.  Calculated  %:  Cl  62.83. 

3-Nitrophcnylbl5(trichloromethyl)pho5phine  oxide.  In  a  flask  with  ground- glass  connection  and  fitted  with 
a  reflux  condenser  was  placed  a  nitration  mixture  composed  of  1.9  g  of  HNO3  (d  1.5)  and  2.9  g  of  H2SO4 
(d  1.83),  the  mixture  cooled  to  0*,  and  then  1.8  g  of  phenylbis(irichlorometliyl)phosphine  oxide  was  added 
gradually  with  stirring.  After  this  the  mixture  was  heated  on  tire  boiling  water  batli  for  45  minutes,  then  cooled, 
poured  over  ice,  and  tlie  product  filtered  and  washed  witli  water.  Yield  1.9  g  (93.6%);  pale  yellow  crystals 
with  m.  p.  158-159*  (from  methyl  alcohol  or  a  mixture  of  ligroin  and  benzene). 

Found  %:  Cl  52.33,  52.44;  N  3.66,  3.78.  CgH^OjNPClg.  Calculated  %:  Cl  52.46;  N  3.45. 

3-Nitro-  4-  chloropheny  lbis(trichloromethy Qphosphine  oxide .  A  mixture  of  1.2  g  of  p-chlorophenylbis(tri- 
chlorometliyl)phosphine  oxide  and  a  nitration  mixture  composed  of  1.2  g  of  HNO3  (d  1.5)  and  1.8  g  of 
(d  1.83)  was  heated  for  1.5  hours  on  tlie  boiling  water  bath.  Yield  1.1  g  (85%).  After  recrystallization  from 
ligroin,  m.  p.  172-173*. 

Found  %:  Cl  56.25,  56.29;  N  3.46,  3.47.  CgHaGgNPCly.  Calculated  %;  Cl  56.45;  N  3.18. 

The  ethyl  phenyltrichloromethylphosphinate  (III)  used  in  our  work  had  m.  p.  83-84*  (from  CCI4)  [2]. 

Phenyltrichloromethylphosphinic  chloride  (IV).  a)  In  a  flask  witli  ground-glass  connection  was  placed 
a  mixture  of  8.6  g  (0.03  mole)  of  ethyl  phenyltrichloromethylphosphinate  and  18.8  g  (0.09  mole)  of  PCI5. 

The  flask  was  connected  to  a  descending  condenser  with  receiver,  which  was  protected  by  a  calcium  chloride 
tube.  The  mixture  was  heated  for  2  hours  in  an  oil  bath  at  110-120*.  Toward  the  end  of  the  second  hour  the 
mass  became  liquid.  Then  it  was  heated  for  1  hour  at  160  *.  Here  the  product  solidified  due  to  formation  of 
the  complex.  The  C2H5CI  and  POCI3  formed  during  reaction  were  collected  in  the  receiver.  At  the  end  of 
reaction  they  were  removed  completely  by  distillation  using  the  vacuum  of  a  water- jet  pump.  The  reaction 
mixture  was  then  cooled  and  slowly  hydrolyzed  by  the  addition  of  water.  After  4  hours  the  product  was  filtered, 
washed  witli  water,  and  dried.  Yield  8.3  g  (99%),  m.  p.  87*.  The  melting  point  is  not  changed  by  recrystalliza¬ 
tion  of  the  compound  from  dry  CCI4.  The  compound  is  readily  soluble  in  alcohol,  benzene,  chloroform,  dichloro- 
ethane,  and  acetone. 


Found  %:  Cl  50.87,  50.98.  C7H5OPCI4.  Calculated  %:  Cl  51.2, 

b)  Into  a  reactor,  fitted  witli  a  stirrer,  dropping  funnel,  and  a  reflux  condenser  connected  to  a  calcium 
chloride  tube,  were  charged  41.2  g  (0.3  mole)  of  distilled  PCI3,  13.3  g  (0.1  mole)  of  AlClg,  and  7.8  g  (0.1 
mole)  of  dry  benzene.  The  mixture  was  heated  under  reflux  in  an  oil  bath  with  stirring.  The  excess  PCI3  was 
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vacuum- distilled  at  a  bath  temperature  of  GO"  using  a  water- jet  pump.  Then  die  mixture  was  cooled  to  room 
temperature,  GO  ml  of  dry  carbon  tetrachloride  was  added,  die  mixture  refluxed  for  1.5  hours,  then  cooled  in 
an  ice-salt  mixture,  and  13  ml  of  water  added  in  1  hour  v/idi  vigorous  stirring;  then  die  cooling  bath  was 
removed  and  die  mixture  was  stirred  for  another  3  hours.  This  was  followed  by  filtration  of  the  reaction  mixture 
to  remove  aluminum  hydroxide,  \vhich  was  washed  widi  carbon  tetrachloride,  and  then  the  combined  filtrate 
was  distilled  to  remove  CCI4  to  incipient  crystallization,  at  which  point  the  residue  was  cooled;  the  obtained 
crystals  were  filtered,  washed  with  a  very  small  amount  of  CCI4,  and  dried.  Yield  15  g  (547«),  m.  p.  85-86*. 
Recrystallization  from  dry  CCI4  gave  12.5  g  (4570  yield)  of  product  with  m.  p.  87*.  The  mixed  melting  point 
with  the  product  obtained  by  method  (a)  was  not  depressed. 

The  heating  of  phenyltrichloromethylphosphinic  chloride  with  dilute  nitric  acid  yields  phenyltrichloro- 
methylphosphinic  acid  witli  m.  p.  163-164*  [3J. 

rhenyltrichlorometliylphosphlnic  anhydride  (V).  a)  A  mixture  of  11.5  g  (0.04  mole)  of  ethyl  phenyl- 
trichloromethylphosphinatc  and  8.5  g  (0.0408  mole)  of  PCI5  was  heated  in  a  glycerin  bath  at  100-120*  for 
2  hours.  The  ethyl  chloride  and  part  of  tlie  POCI3  formed  in  tlie  reaction  distilled  during  this  time.  Tlie 
remaining  POCI3  was  removed  by  vacuum- distillation  using  a  water- jet  pump.  Tlie  product  was  recrystallized 
from  dry  carbon  tetrachloride.  Yield  2.4  g  (23.37o),  m.  p.  170-172*.  White  crystalline  compound,  readily 
soluble  in  hot  chloroform,  dichloroethane,  carbon  tetrachloride,  and  benzene. 

Found  Cl  42.53,  42.47.  Cj2Hjg03P2d^.  Calculated  Cl  42.51. 

Evaporation  of  the  mother  liquor  gave  a  precipitate  of  phenyltrichlorometliylphosphinic  chloride  with 
m.  p.  83-85*. 

b)  A  mixture  of  2.8  g  (0.01  mole)  of  phenyltrichloromethylphosphinic  chloride  in  12  ml  of  benzene, 

1.1  g  (0.014  mole)  of  pyridine  and  0.1  g  (0.005  mole)  of  water  was  refluxed  for  3  hours.  The  mixture  was 
cooled,  filtered  to  remove  pyridine  hydrochloride,  the  benzene  solution  evaporated  in  vacuo  to  dryness,  and 
the  residue  treated  witli  water  to  give  a  white  crystalline  compound,  which  was  filtered  and  then  recrystallized 
from  carbon  tetrachloride,  m.  p.  169-171*.  Yield  0.6  g  (247o).  The  mixed  melting  point  with  the  product 
obtained  by  metliod  (a)  was  not  depressed. 

Complex  of  phenyltrichhiromethylphosphorus  trichloride  witli  phosphorus  pentachloride  (VI).  a)  Into  a 
flask,  fitted  witli  a  reflux  condenser  (ground-glass  connection),  were  charged  13.9  g  (0.05  mole)  of  phenyltri- 
chloromethylphosphinic  chloride  and  22.5  g  (0.107  mole)  of  PCI5,  and  the  reactants  mixed  well.  Then  the 
mixture  was  heated  for  4  hours  in  a  glycerin  batli  at  150-160*.  The  reflux  condenser  was  replaced  by  a 
descending  condenser,  connected  to  a  receiver  fitted  witli  a  calcium  chloride  tube.  The  PCXils  was  distilled  off 
at  160*,  at  the  end  using  tlie  vacuum  of  a  water- jet  pump.  The  obtained  solid  product  was  refluxed  with  benzene. 
After  settling,  tlie  benzene  was  decanted  hot.  Tliis  washing  was  repeated  3  to  4  times.  The  product  was  dried 
in  a  vacuum- oven  to  constant  weight.  Yield  15.5  g  (57.4 T*),  m,  p.  202*  (with  decomposition,  in  a  sealed 
capillary). 

Found:  equiv.  (after  hydrolysis)  8.75,  8.87.  C7H5P2Clii.  Calculated:  equiv.  9. 

Tlie  starting  compound  was  isolated  from  the  benzene  mother  liquor.  The  benzene  was  vacuum- distilled, 
and  the  residue  was  cautiously  decomposed  with  water  using  strong  cooling.  After  several  hours  the  phenyltri- 
chloromethylphosphinic  chloride  was  filtered  (5  g). 

Phenyltrichloromethylphosphorus  chloride  (Vll).  Into  a  flask  with  ground- glass  connection,  fitted  with 
a  dropping  funnel,  tube  for  the  admittance  of  an  inert  gas,  and  a  reflux  condenser,  was  charged  27  g  (0.05  mole) 
of  complex  (VI).  The  reaction  was  run  in  a  stream  of  dry  nitrogen.  The  flask  was  heated  in  a  glycerin  bath  for 
2  hours  at  95-100*,  and  during  this  time  15  g  (0.113  mole)  of  methyl  phosphorodichloridite  was  added  in  drops. 

At  the  end  of  addition  the  mixture  was  heated  at  the  same  temperature  for  another  30  minutes.  The  product 
was  vacuum-distilled  in  a  stream  of  nitrogen.  Yield  10.3  g  (78.47o).  B.  p.  112-114*  at  3  mm.  Colorless 
liquid  with  a  ver)'  pungent  odor.  The  compound  oxidizes  easily  in  tlie  air  with  the  evolution  of  heat. 

Found  7o;  P  12.11,  12.17.  C7H5PCI4.  Calculated  7o:  P  11.83. 

A  charge  of  1.3  g  of  freshly  distilled  phenyltrichloromethylphosphorus  chloride  was  placed  in  a  flask  and 
then  a  stream  of  dry  chlorine  was  passed  into  it,  with  periodic  cooling  of  the  flask  in  cold  water,  until  the 
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tlieoretical  weight  increase  was  obtained.  We  obtained  1,66  g  (I00®fo  yield)  of  crystalline  phenyltrichloro- 
methylphosphorus  trichloride.  After  cautiously  treating  it  with  water,  die  compound  was  allowed  to  stand  for 
several  hours.  Filtration  gave  1,3  g  (93.5'7o  yield)  of  phenyltrichlorometlrylphosphinlc  chloride.  M.  p.  87*. 
The  filtrate  was  transferred  to  a  500  ml  volumetric  flask  and  made  up  to  volume.  Then  the  equivalent  was 
determined. 

Found:  equlv.  (after  hydrolysis)  2.02.  C7H5PCI6.  Calculated:  equiv.  2.0. 

SUMMARY 

Phenylbis(trichloromediyl)phosplilne  and  p-chlorophenylbis(trichloromethyl)  phosphine  oxides  were 
syndiesized.  Their  nitration  gave  3- nitrophenylbis(trichlorometliyl)  phosphine  oxide  and  3-nitro-4-chloro- 
phcnylbis(trichloromediyl)phosplilnc  oxide,  respectively.  The  syndiesis  of  phenyltrichloromethylphosphinic 
chloride  is  described,  as  well  as  of  die  complex  of  phenyltrichloromediylphosphorus  trichloride  with  phosphorus 
pentachloride,  and  of  its  reduction  product  —  phenyltrichloromethylphosphorus  chloride. 
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SYNTHETIC  DYES 


XV.  SYNTHESIS  OF  N-p-TOLYL-6-METHYLLEPIDINIUM  IODIDE  AND 
ITS  TRANSFORMATIONS 

G.  T.  Pilyugin  and  B.  M,  Gutsulyak 
Chernovitskii  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1299-1302,  April,  1960 
Original  article  submitted  February  21,  1959 


Earlier,  we  had  shown  that  it  is  possible  to  effect  the  ortlio-cycllzation  of  both  symmetrical  and  un- 
symmetrical  secondary  aromatic  amines  with  paraldehyde,  acetaldehyde,  formaldehyde,  paraform,  acetone 
and  vinyl  ethers  to  yield  N-arylquinaldinium,  -quinolinium  and  -lepidinium  derivatives  [1], 

Expanding  our  investigations  in  this  direction  and  applying  the  Beyer  reaction  [2J  to  secondary  aromatic 
amines,  we  ran  tlie  reaction  with  p,p*-ditolylamine  to  yield  the  quaternary  salt  in  accordance  with  the  following 
scheme. 


Cl 

(I) 


The  obtained  quaternary  salt,  l-p-tolyl-6-methyllepidinium  iodide  (I),  was  used  to  obtain  cyanine  dyes 
(see  table). 


Dyes: 


CH, 

/ 

/  \ 

_  q.\ _ 

CH.-/ _ >-n/ _ )-CH=Y  and 

I- 


A  comparison  of  the  absorption  maxima  of  the  obtained  dyes  with  those  of  the  dyes  synthesized  from  N- 
phenyllepidinium  iodide  is  given  in  the  table.  From  tliis  it  follows  that  introducing  a  methyl  group  in  the  6- 
position  to  the  phenyl  group  of  the  radical  causes  a  bathochromic  shift  of  the  absorption  maximum  by  4-6  mfi. 
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In  the  case  of  styryl  the  shift  takes  place  in  tlie  short-wave  portion  of  the  spectrum  to  the  extent  of  8  mp. 

When  the  Indicated  dyes  are  compared  with  the  analogous  isomers,  obtained  from  the  l-p-tolyl-6-meihyl- 
qulnaldinium  salt,  we  observe  a  strong  bathochromic  shift  (50-58  mp)  of  the  absorption  maximum,  which  is 
due  to  an  elongation  of  the  principal  chromophore  on  the  vinylene  group  inside  tlie  ring  and  to  an  increase 
in  the  energy  level  at  tlie  moment  of  excitation  of  the  molecule.  The  absorption  curves  are  shown  in  the  figure. 


EXPERIMENTAL 

l-p-Tolyl-6-methyllepidinium  iodide  (I).  A  mixture  of  6  g  of  p,p'-ditolylamine  and  1  g  of  dry  paraforrn 
was  ground  well  in  a  mortar  to  a  homogeneous  mass,  after  which  it  was  transferred  to  a  glass  tube,  followed  by 
the  addition  of  10  ml  of  dioxane,  3  ml  of  hydrochloric  acid  (d  1.19)  and  2.2  ml  of  acetone.  The  tube  was 
sealed  and  heated  for  6  hours  on  the  boiling  water  bath.  The  reaction  mass  was  obtained  as  a  viscous  liquid. 
The  tube  contents  were  repeatedly  extracted  witli  ether  (until  the  ether  was  no  longer  colored),  after  which  the 
somewhat  tarr)'  mass  was  dissolved  in  aqueous  alcohol,  and  then  aqueous  potassium  iodide  solution  was  added 
until  a  precipitate  ceased  to  form.  The  quaternary  salt  was  filtered  and  recrystallized  from  aqueous  alcohol. 

M.  p.  135-136*;  yield  4  g  The  salt  is  readily  soluble  in  hot  water,  alcohol,  pyridine,  and  chloroform, 

and  practically  insoluble  in  ether. 

Found  *70:  1  33.62,  33.74.  CibHisNI.  Calculated  <70:  1  33.85. 

(l-p-Tolyl-6-methyl-4-quinoline)-p-dimethyIaminostyryl  iodide  (II)  [3J.  The  dye  was  obtained  by 
heating  a  mixture  of  1.5  g  of  (I),  0.6  g  of  p-dimeihylaminobenzaldehyde  and  5  ml  of  pyridine  in  an  oil  bath 
for  30  minutes  at  gentle  boil  of  tlie  reaction  mixture.  The  reaction  product  was  extracted  several  times  with 
ether.  The  dye,  obtained  as  a  powder,  was  recrystallized  from  aqueous  alcohol.  The  dye  was  obtained  as 
bronze- colored  needlelike  crystals  with  m.  p.  170-172*.  The  absorption  maximum  of  the  dye  lies  at  571  mp. 
Yield  1  g  (60^o). 
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of  1.2  g  of  (I),  1.4  g  of  2-6 -aceianilidovinyl-3-eiliylbenzothiazole  iodide  and  10  ml  of  pyridine  was  heated 
in  an  oil  bath  for  45  minutes  at  gentle  reflux  of  the  reaction  mass.  The  reaction  mass  after  cooling  was  treated 
with  ether  to  remove  the  pyridine,  while  the  residual  dye  was  recrystallized  from  alcohol.  The  dye  was  obtained 
as  a  dark  brown,  finely  crystalline  powder  with  m.  p.  236-238*  (decomp.).  Yield  0.7  g  (37,5  °Jo).  The  absorption 
maximum  of  the  dye  in  ethanol  lies  at  646  m/i. 

Found  <70:  I  22.46  ,  22.54.  C^H^N, SI.  Calculated  <71.;  1  22.60. 

All  of  the  obtained  dyes  are  readily  soluble  in  alcohol,  acetone,  and  chloroform,  difficultly  soluble  in 
water  (except  styryl),  and  practically  insoluble  in  ether.  The  absorption  curves  of  the  dyes  were  taken  in  ethanol 
solution  using  an  automatically  recording  SF-2M  spectrophotcmeter. 

SUMMARY 

1.  The  reaction  of  p,p*-ditolylamine  with  acetone  and  paraform  in  the  presence  of  hydrochloric  acid  in 
dioxane  solution  gave  l-p-tolyl-6-methyllepidinium  iodide. 
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2.  Using  this  quaternary  salt  we  synthesized  5  new  cyanine  dyes  of  unsynitiietrical  structure,  and  studied 
their  spectrophotometric  properties  in  the  visible  portion  of  tlie  spectrum. 
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XVI.  SYNTHESIS  OF  HYDROXY-  AND  ALKOXY-SUBSTITUTED  N- ARYLQUINALDINIUM 
QUATERNARY  SALTS  AND  THEIR  TRANSFORMATIONS 
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Original  article  submitted  February  21,  1959 


Earlier  we  had  shown  that  the  reaction  of  either  symmetrical  or  unsymmetrical  secondary  aromatic 
amines  witli  paraldehyde,  acetaldehyde,  vinyl  ethers,  formaldehyde,  and  acetone  yields  N- arylquinolinium, 
-quinaldinium  and  -lepidinium  onium  salts  [1].  Different  types  of  cyanine  dyes  were  synthesized  from  these 
salts,  the  dyes  were  subjected  to  spectral  analysis,  and  certain  rules  were  established  regarding  the  relationship 
between  structure  and  the  color  of  organic  molecules  [2], 

As  an  expansion  of  tliese  studies,  we  reacted  p,p'- dihydroxydiphenylamine,  p-methoxyphenyl-  a- naphthyl 
amine  and  o-methoxyphenyl-fl -naphthylamine  with  paraldehyde  and  with  vinyl  n- butyl  ether  in  acid  medium. 
The  reactions  could  go  in  accordance  with  the  scheme  [3]; 
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From  this  scheme  it  can  be  seen  that  the  formation  of  isomeric  salts  is  possible  when  unsymmetrical 
amines  are  taken  for  the  condensation. 

As  a  result  of  our  investigation  we  isolated  and  studied  the  following  salts;  l-p-hydroxyphenyl-6- 
hydroxyquinaldinium  (1),  1- a-naphihyl-6-methoxyquinaldinium  (11),  and  1- o-methoxypheny  1-5,6- benzo- 
quinaldinium  (IV).  We  were  unable  to  detect  the  presence  of  other  compounds.  The  structure  of  the  obtained 
salts  was  supported  by  the  analytical  data  and  by  the  absorption  spectra  of  the  symmetrical  carbocyanines  ob¬ 
tained  from  tliem,  in  which  connection  the  carbocyanines  showed  slight  bathochromic  shifts  of  the  absorption 
maxima  when  compared  with  the  maxima  of  the  analogous  unsubsiiiuted  dyes. 

p,p’-Dihydroxydiphenylamine  was  condensed  with  vinyl  butyl  e.her,  and  tlie  quaternary  salt  was  isolated 
as  the  iodide  in  20*70  yield,  and  as  the  bromide  in  38*70  yield;  p-methoxyphenyl-a-naphthylamine  was  con¬ 
densed  with  vinyl  butyl  ether  and  with  paraldehyde,  in  which  connection  better  yields  of  the  salt  (40*7o)  are 
obtained  with  the  vinyl  ether,  while  with  paraldehyde  they  do  not  exceed  30*70.  The  quaternary  salt  of  this 
amine  was  obtained  botli  as  the  iodide  and  as  the  perchlorate. 

The  following  symmetrical  carbocyanine  dyes  were  synthesized  by  condensing  the  quaternary  salts  with 
orthoformic  ester  [4,  5]: 

a)  bis(l-p-hydroxyphenyl-6-hydroxy-2-quinoline)trimethinecyanine  iodide  (Vl),  with  an  absorption 
maximum  in  ethanol  at  638  mq ; 
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b)  bis(l- p-hydroxypheny  1-6-hydroxy- 2- quinoline)trimetlunecyanine  bromide  (VII),  with  an  absorption 
maximum  in  ethanol  at  637  m/i ; 
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c)  bis(l-a-naphthyl-6-methoxy-2-quinoline)trimethinecyanine  iodide  (Vlll),  with  an  absorption  maxi¬ 
mum  at  635  mfi ; 
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d)  bis  (1- a- naphthyl- 6- methoxy- 2- quinoline)  uimethinecyanine  perchlorate  (IX),  with  an  absorption 
maximum  at  638  mp  ; 

e)  bis  (1-0- methoxyphenyl-5,6-benzo- 2-quinoline)  trimethinecyanine  perchlorate  (X),  with  an  absorption 
maximum  at  646  m/i. 
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The  absorption  curves  of  the  dyes,  taken  in  ethanol 
solution  using  an  automatically  recording  SF-2M  spectro¬ 
photometer,  are  shown  in  the  figure.  Judging  from  the 
absorption  maxima  of  the  indicated  symmetrical  carbo- 
cyanine  dyes,  support  is  given  to  the  known  tenet  that  the 
anion  is  practically  without  effect  on  the  color,  and  the 
shift  in  the  absorption  maxima  lies  within  the  limits  of 
error  of  the  spectrophotometric  measurements.  Two  hydroxy 
groups  (in  the  6- position  and  that  found  in  the  radical  con¬ 
taining  the  N- heteroatom)  gave  a  substantial  bathochromic 
effect  (by  24  wfj)  when  compared  with  the  unsubstituted 
carbocyanine.  Alkylation  of  the  hydroxy  groups  gives  a 
slight  hypsochromic  effect. 


Absorption  curves  of  dyes.  1)  Bis(l-p-hydroxy- 
pheny  1-6-hydroxy- 2- quinoline)tri  me  thine- 
cyanine  iodide;  2)  bis(l-p-hydroxypheny  1-6- 
hydroxy-  2-  quinoline)trimethinecyanine 
bromide;  3)  bis(l- a- naphthyl- 6- methoxy- 
2- quinoline)trimethinecyanine  iodide;  4) 
bisCl-  a-  naphthy  1-  6-  methoxy-  2-  quinoline) 
trimethinecyanine  perchlorate;  5)  bis  (1- 
o-methoxyphenyl- 5,6 -be  nzo- 2- quinoline  )- 
trimethinecyanine  perchlcvate. 


EXPERIMENTAL 

l-p-Hydtoxyphenyl-6-hydroxyquinaldinium  perchlorate 
(1).  A  mixture  of  4  g  oi  p,p*-dihydroxydiphenylamine  (m.  p. 
162*),  2.5  ml  of  hydrochloric  acid  (d  1.19)  and  40  ml  of 
water  was  charged  into  a  three- necked  flask,  fitted  with  a 
dropping  funnel,  stirrer,  and  a  condenser.  Then  lO  ml  of 
vinyl  butyl  ether  (b.  p.  93.7  *)  was  added  dropwise  in  30 
minutes  with  stirring.  After  this  the  reaction  mass  was  heated 
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at  60-70*  on  the  water  bath  for  1  hour,  in  which  connection  it  was  observed  that  longer  heating  than  this  leads 
to  Increased  tar  formation  and  a  reduction  in  the  yield  of  quaternary  salt.  The  dark  brown  reaction  mixture  was 
cooled  in  ice,  and  after  3-4  hours,  the  water  layer  was  separated  from  the  tar.  To  convert  the  salt  to  the  iodide, 
the  hot  filtrate  was  treated  with  excess  20%  potassium  iodide  solution,  then  boiled  with  activated  carbon,  and 
filtered.  The  filtrate  on  cooling  deposited  yellow  needle  crystals  of  the  quaternary  salt.  After  recrystallization 
from  alcohol  the  salt  melted  at  258-260*.  Yield  1.6  g  (20%).  To  obtain  the  bromide,  the  salt  was  treated 
with  potassium  bromide  solution.  The  bromide  was  obtained  as  greenish-yellow  tablets  with  m.  p.  290-293* 
(decomp.).  Yield  38%. 

Found  %;  I  33.28  ,  33.36;  N  3.93.  C16II14O2NI.  Calculated  %:  I  33.47;  N  3.69. 

Found  %:  Br  23.22,  23.60.  Ci6Hi402NBr.  Calculated  %:  Br  23.98. 

l-a-Naphthyl-6-methoxyquinaldiniiim  iodide  (11).  A  mixture  composed  of  4.72  g  of  p-methoxy-ct- 
naphtliylaniine,  4  ml  of  hydrochloric  acid  (d  1.19),  3.2  g  of  paraldehyde  and  5  ml  of  benzene  was  heated  in 
a  sealed  tube  on  the  boiling  water  bath  for  6  hours.  At  the  end  of  reaction  the  tube  contents  represented  a 
brown  mobile  mass.  The  reaction  product  was  digested  with  ether  and  then  dissolved  in  15  ml  of  alcohol. 

The  hot  alcohol  solution  was  tlien  treated  with  20  ml  of  concentrated  potassium  iodide  or  potassium  perchlorate 
solution.  After  boiling  for  a  short  time  with  activated  carbon  the  solution  was  filtered,  evaporated  slightly, 
and  again  filtered  from  some  tar.  After  1  day  the  quaternary  salt  deposited  from  the  solution  as  a  yellow  powder. 
The  salt  after  recrystallization  from  water  had  m.  p.  235-236*.  The  yield  of  the  iodide  was  1  g  (25%).  The 
yield  of  the  perchlorate  was  1.1  g  (30%).  The  melting  point  of  the  perchlorate  was  225-226*. 

Found  %:  I  29.79,  29.58;  OCH3  7.48,  7.15.  CziHjgONl.  Calculated  %;  I  29.70;  OCH,  7.29. 

Found  %:  Cl  8.81,  8.85.  CziHi.ONCl.  Calculated  %;  Cl  8.88. 

l-o-Methoxypiienyl-5,6-benzoquinaldinium  perchlorate  (IV).  A  mixture  of  5  g  of  o-methoxyphenyl-fl - 
naphthylamine,  2  g  of  paraldehyde,  2  ml  of  hydrochloric  acid  (d  1.19)  and  15  ml  of  benzene  was  heated 
In  a  sealed  ampul  for  3  hours  on  the  boiling  water  bath.  The  ampul  contents,  representing  a  brown  viscous 
mass,  were  digested  with  ether.  The  solid  residue  remaining  in  the  ampul  was  dissolved  in  hot  alcohol.  The 
alcohol  solution  was  treated  with  20  ml  of  saturated  aqueous  potassium  perchlorate  solution  and  10  ml  of  water, 
in  which  connection  a  yellow-orange  precipitate  was  obtained,  which  dissolved  when  heated.  The  hot  solution 
was  filtered,  and  the  filtrate  on  cooling  deposited  the  quaternary  salt  as  a  yellow-orange  powder  with  m.  p, 

192*.  The  quaternary  salt  is  readily  soluble  in  alcohol,  benzene,  and  hot  water,  and  is  practically  insoluble 
in  ether.  Yield  2.55  g  (  33%). 

Found  %;  Cl  8.68,  8.72.  CjiH^jOgNCl.  Calculated  %;  Cl  8.87. 

SUMMARY 

1.  The  reaction  of  p,p-dihydroxydiphenylamine,  p-methoxyphenyl- a- naphthylamine  and  o-methoxy- 

phenyl- 8 -naphthylamine  witli  paraldehyde  and  with  vinyl  butyl  etlier  gave  the  previously  unknown  quaternary 
salts:  l-p-hydroxyphenyl-6-hydroxyquinaldinium  iodide  (bromide),  l-a-naphthyl-6-methoxyquinaldinium 

iodide,  and  l-o-methoxyphenyl-5,6-benzoquinaldinium  perchlorate. 

2.  Symmetrical  carbocyaniiies  were  synthesized  from  tlie  indicated  salts,  and  their  absorption  curves 
in  the  visible  region  of  the  spectrum  were  taken. 
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DERIVATIVES  OF  PHOSPHINIC  AND  PHOSPHINOUS  ACIDS 


XII.  SOME  MIXED  ESTERS  OF  OTHYLPHOSPHINIC  ACID  AND  THEIR 
BIOLOGICAL  ACTIVITY 

A.  I.  Raziiniov  and  N,  G.  Zabiisova 
S.  M.  Kirov  Institute  of  Chemical  Technology,  Kazan 

Translated  from  Zhuriial  Obslichci  Kliimii,  Vol.  30,  No.  4,  pp.  1307-1310,  April,  1960 
Original  article  submitted  February  25,  1969 


The  reaction  of  phosphites  with  a-halocarbonyl  compounds  has  been  studied  by  various  authors  [1-7J. 

The  mechanism  of  tltese  reactions  is  still  quite  obscure  and  is  treated  differently  by  different  investigators. 
Apparently,  tlte  polarity  of  the  chemical  bonds  of  tlic  reagent,  and  also  tlie  character  of  the  conjugation,  both 
exert  important  influence  on  the  direction  of  the  reaction  [8J.  From  the  standpoint  of  elucidating  the  mechanism 
of  the  reaction  it  seems  of  interest  to  study  the  reaction  of  a-halocarbonyl  compounds  with  esters  of  alkyl- 
phosphinotis  acids.  These  reactions  should  also  be  of  interest  in  connection  witli  the  fact  that  they  serve  as  a 
way  of  obtaining  derivatives  of  alkylphosphinic  acids  widt  mixed  functions.  Earlier,  it  had  been  shown  that 
biological  activity  could  be  expected  of  such  compounds;  up  to  now  compounds  with  a  high  anticholinesterase 
activity  [9-lIJ  have  been  synthesized. 

In  this  paper  we  report  on  some  compounds  possessing  antibacterial  activity.  In  the  nature  of  first  results 
we  describe  the  reaction  of  the  simpler  esters  of  cthylphosphinous  acid  with  chloral. 


.()  Qll,,  /Oil 

C,ll5-l»(OIl)2  -fUCl 

\OCH=CCl2 

Other  than  the  esters  of  ethylphosphinic  acid,  we  failed  to  obtain  any  other  products  from  the  reaction. 

The  obtained  esters  are  listed  in  Table  1.  To  prove  the  presence  of  a  double  bond  in  the  molecule  we  employed 
the  technique  of  adding  chlorine.  This  resulted  in  obtaining  the  mixed  alkyl  1,2,2,2-teirachloroethyl  esters  of 
ethylphosphinic  acid  (Table  2),  The  yield  of  these  esters  was  quite  small.  This  is  explained  by  the  fact  that 
the  starting  alkyl  2,2-dichlotovinyl  esters  of  ethylphosphinic  acid  taken  for  chlorination  undergo  polymerization 
with  exceeding  ease  (even  in  the  presence  of  hydroquinone).  Noncombustible  films  were  obtained  when  the 
indicated  esters  are  polymerized. 

The  esters  listed  in  Tables  1  and  2  possess  both  antibacterial  and  anticholinesterase  activity.  The  anti¬ 
bacterial  activity  is  manifested  against  gram- positive  bacteria  (staphylococci,  streptococci,  diphtheria 
bacteria).  The  chlorinated  products  possess  a  comparatively  greater  activity,  which  can  be  seen  from  the 
following  example;  compound  4  (Table  1)  is  active  toward  the  above  indicated  bacteria  at  a  dilutiori  of  1  :1000, 
with  a  toxicity  (intravenous)  of  0.91  mg/kg  (on  white  mice),  while  compound  4  (Table  2),  with  a  toxicity  of 
3  mg/kg,  is  active  at  a  dilution  of  1 ;  10,000,  i.e.,  by  a  matter  of  10  times.*  All  of  the  esters  are  strong  myotics. 

•  For  the  detailed  results  of  investigating  the  antibacterial  and  anticholinesterase  activity  of  all  of  the  com¬ 
pounds  given  here  see  the  paper  by  S.  M.  Vyaseleva,  I.  V.  Zaikonnikova,  and  co-workers  in  "Transactions  of 
tlte  State  University  for  the  Improvement  of  Cure  Treatments,"  Kazan,  1959. 
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Expt.  No. 


TABLE  1 


C,n.  OR 

Alkyl  2,2-Dichlorovinyl  Esters  of  Ethylphosphinic  Acid 

O  OCH— cell 


Boiling 
point 
(pressure 
in  mm) 

1 

8 

7.P 

Solubility 
in  water 

Expt.  No 

R 

0* 

U 

C 

3 

0 

U. 

0 

73 

U 

"O 

c 

3 

0 

a, 

a 

T3 

4) 

1 

CH3 

119-120° 

(13) 

1.3364 

1.4695 

45.42 

45.68 

14.10 

13.5.5, 

13.65 

67 

1  :  70 

2 

C2nr, 

95-96 

(0.2) 

1.2787 

1.4643 

50.04 

50.35 

13.30 

13..57, 

13.66 

83 

1  :  150 

3 

11-03117 

1 

99.5—100.5 

(0.5) 

1.2284 

1.4622 

54.66 

.55.31 

12.55 

12.20. 

12.0.5 

80 

1  :40O 

4 

iso  -C3H7 

87-88 

(0.3) 

1.2261 

1.4587 

54.66 

55.08 

12.55 

12..57. 

12.37 

76 

1  :  300- 

5 

0-04119 

108—109 

(0.4) 

1.2087 

1.4602^ 

i 

59.07 

59.16 

11.88 

11.9.5, 

11.85 

80 

1  :  700 

6 

iSO”C4n9 

98—101 

(0.3) 

1.1995 

1.4602 

59.07 

59.58 

11.88 

11.81, 

11.73 

70 

1  :  900 

TABLE  2 


C  H  OR 

Alkyl  1,2,2,2-Tetrachloroethyl  Esters  of  Ethylphosphinic  Acid  * 

^ocHCi-ca, 


1 

Boiling 

point 

(pressure 

In  mm) 

MR,  1 

•/oP  1 

I  Expt.  N< 

1 

i 

R 

d.*" 

d 

73 

U 

T3 

a 

3 

0 

u. 

0 

13 

u 

t 

T3 

C 

3 

0 

U.. 

c 

tj 

w 

.  Solubilit 
in  water 

1 

CH3 

101-102° 

(0.28) 

1.4813 

1.4828 

i 

55.62 

55.89 

10.69 

10.60, 

10.53 

19 

lioo 

0 

C2H5 

10.3.5—104 

(0.2) 

1.41.50 

1.4768 

60.24 

60.68 

10.20 

10.46, 

10.36 

14 

1:700 

3 

n-C3H7 

115-117 

(0.3) 

1..3686 

1.4747 

64.87 

6.5.60 

9.74 

9..58, 

9.47 

19 

1:2000 

4 

ISO-C3H7 

99—102 

(0.25) 

1.3637 

1.4713 

64.87 

65.18 

9.74 

9.71, 

9.63 

25 

1:3500 

5 

n-C4H9 

120—122 

(0.3) 

1.3273 

1.4720 

69.49 

70.06 

9.34 

9.37, 

9.53 

18 

1:4000 

6 

iso-C4H9 

il6..5-120 

(0.35) 

1.3249 

1.4717 

69.49 

70.10 

9.34 

9.30, 

9.17 

13 

1:5000 
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Compound  4  (Table  2)  and  some  of  the  others  also  possess  insecticidal  activity,  causing  a  lOO'yo  kill  of  flies 
after  5- minute  contact  at  a  dosage  of  0.25  g  of  active  substance  per  m*  (according  to  the  data  obtained  by 
the  Central  Scientific  Research  Institute  for  Disinfection). 


EXPERIMENTAL 

1.  Preparation  of  mixed  alkyl  2,2- dichlorovinyl  esters  of  ethylphosphinic  acid.  To  the  dialkyl  ester 
of  ethylphosphinous  acid,  diluted  with  dry  ether,  was  slowly  added  in  drops,  with  cooling  (  —  2  to  —  5*)  and 
stirring,  an  equivalent  amount  of  chloral,  diluted  with  dry  etlier.  The  reaction  was  run  in  a  carbon  dioxide 
atmosphere.  When  all  of  the  chloral  had  been  added  die  temperature  of  the  reaction  mixture  was  allowed  to 
rise  at  room  temperature,  where  it  was  stirred  for  another  hour.  Then  the  solvent  was  removed,  and  the  ob¬ 
tained  ester  was  vacuum-distilled  (in  the  presence  of  hydroquinone).  The  obtained  esters  are  colorless  liquids 
with  a  characteristic  odor,  and  ate  soluble  in  alcohol  and  ether. 

2.  Preparation  of  mixed  alkyl  1,2,2,2-tetrachloroethyl  esters  of  ethylphosphinic  acid.  A  mixture  of 
the  alkyl  2,2-dichlorovinyl  ester  of  ethylphosphinic  acid  and  a  small  amount  of  hydroquinone  in  carbon  tetra¬ 
chloride  solution  (2  volumes  of  CCI4  per  volume  of  taken  ester)  was  placed  in  a  three- necked  flask,  fitted 
with  a  stirrer  and  a  thermometer.  Chlorine  was  then  passed  dirough  the  solution  at  14-18*  until  the  theoretical 
weight  increase  was  obtained  Then  the  reaction  mixture  was  kept  at  room  temperature  for  1  hour.  After 
removal  of  die  solvent  in  vacuo  (without  heating)  the  substance  was  vacuum-distilled.  The  obtained  esters 
are  slightly  yellow  liquids  with  a  characteristic  odor.  They  are  soluble  in  alcohol  and  in  edier. 


SUMMARY 

1.  The  reaction  of  chloral  with  some  esters  of  ethylphosphinous  acid  was  studied.  Some  alkyl  2,2- 
dichlorovinyl  esters  of  ethylphosphinic  acid  were  obtained  in  this  manner. 

2.  The  addition  of  chlorine  to  the  syndiesized  esters  gave  mixed  alkyl  1,2,2,2-tetrachloroethyl  esters 
of  ethylphosphinic  acid. 

3.  All  of  the  obtained  esters  possess  anticholinesterase  and  antibacterial  activity  to  different  degree 
and  ate  also  strong  myotics. 

The  alkyl  2,2-dichlorovinyl  esters  of  ethylphosphinic  acid  polymerize  easily. 
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REACTION  OF  H  E  X  A  E  T  HY  LDI P  LU  M  B  A  N  E  WITH  ALKYL  HALIDES 

G.  A.  Razuvaev,  N,  S.  Vyazankin,  and  Yu.  I,  Dergunov 
Gor'kii  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1310-1316,  April,  1960 
Original  article  submitted  May  7,  1959 


In  the  course  of  making  a  systematic  study  of  processes  that  go  with  the  decomposition  of  tetraethyllead 
and  hexaethyldiplumbane  [Ij,  we  observed  tliat  the  thermal  stability  of  (C2H5)6Pb2  depends  to  a  large  degree 
on  the  conditions  of  its  synthesis.  It  was  established  [2J  that  one  of  the  reasons  for  this  phenomenon  is  due  to 
the  formation  of  greater  or  lesser  amounts  of  diethyllead  in  the  synthesis  of  the  hexaethyldiplumbane.  In  a 
number  of  cases,  however,  halogen  compounds  were  found  to  be  present  in  the  unstable  product.  For  this  reason 
it  seemed  expedient  to  study  the  reaction  of  some  halogen  compounds  witli  hexaetliyldiplumbane.  As  study 
subjects  we  selected  ethyl  bromide,  1,2-dibromoethane,  and  1,2-dibromopropane. 

Tlie  reaction  of  compounds  of  type  R^Pbj  with  alkyl  halides  has  been  inadequately  studied.  The  most 
detailed  study  has  been  made  of  tlie  reaction  of  hexacyclohexyldiplumbane  with  tlie  polyhalo  derivatives  of 
methane  [3].  On  the  basis  of  this  and  some  other  studies,  it  is  possible  to  conclude  that  the  lead-containing 
products  from  the  reaction  are  a  mixture  of  compounds  containing  PbX2,  R2PbX2  and  R3PbX,  where  R  is  an 
organic  radical,  and  X  is  halogen.  In  addition,  in  a  number  of  cases  compounds  of  type  R^Pb  must  apparently 
be  considered  as  belonging  to  the  products  obtained  from  such  reaction,  since  tlie  patent  literature  indicates  [4l 
that  it  is  possible  to  convert  hexaethyldiplumbane  to  tetraethyllead  by  heating  it  with  an  equimolar  amount  of 
an  alkyl  iodide. 

Depending  on  the  ratio  of  the  reactants,  it  was  established  by  us  that  it  is  possible  to  observe  two  phenomena. 
1)  In  the  case  of  equimolar  amounts  of  alkyl  halide  and  hexaethyldiplumbane  a  complex  process  takes  place, 
consisting  of  a  series  of  reactions,  which  lead  to  the  formation  of  a  large  number  of  different  products.  2)  In 
the  presence  of  catalytic  amounts  of  alkyl  halide  a  sharp  reduction  in  the  stability  of  the  hexaethyldiplumbane 
is  observed,  with  the  result  that  it  disptoportionates  in  accordance  with  the  equation; 


2(0.211-, )r.Pb2  ^  :i(C.H5)4rb  +  Fb.  (I) 

The  reaction  of  hexaethyldiplumbane  with  equimolar  amounts  of  alkyl  bromides  was  run  at  40-70*,  using 
n-heptane  or  its  homologs  as  the  solvent.  Increasing  the  temperature  in  the  indicated  temperature  range  affects 
only  the  rate,  and  does  not  change  tlie  composition  of  the  reaction  products. 

The  experimental  results  are  summarized  in  Table  1,  From  the  data  in  Table  1  it  follows  that  when 
(C2H5)gPb2  is  reacted  with  mono-  and  dihalo  derivatives  the  main  portion  of  the  hexaethyldiplumbane  is  con¬ 
verted  to  tetraethyllead.  In  addition,  from  Table  1  it  can  be  seen  that,  together  with  tetraethyllead,  lead 
bromide,  triethyllead  bromide  and  dibromodiethyllead,  metallic  lead  is  obtained  in  all  cases.  As  far  as  we 
know,  the  formation  of  lead  in  reactions  of  this  type  has  not  been  reported  before. 

It  was  natural  to  assume  that  the  metallic  lead  is  formed  either  during  the  main  reaction  or  as  the  result 
of  secondary  disproportionation  of  the  hexaethyldiplumbane  according  to  Eq.  (I).  The  fact  that  we  were  able  to 
show  that  hexaethyldiplumbane  is  extremely  unstable  in  tlie  presence  of  catalytic  amounts  of- alkyl  halides  (see 
below)  serves  as  important  evidence  in  support  of  the  second  postulation. 
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The  most  probable  route  for  the  formation  of  the  other  lead- containing  reaction  products  is  the  following. 
The  primary  reaction  of  hexaethyldiplumbane  with  1,2-dihalo  compounds  is  the  formation  of  triethyllead 
bromide  and  olefin.  Since  the  reaction  goes  with  appreciable  speed  under  conditions  where  the  pure  hexaethyl¬ 
diplumbane  is  quite  stable,  it  is  difficult  to  assume  that  tlie  process  went  because  of  the  (C2H5)3Pb  •  radicals 
obtained  in  the  dissociation  of  the  hexaethyldiplumbane.  In  addition,  if  the  reaction  went  by  a  free  radical 
mechanism,  then  the  formation  of  the  •Cll2CH2Br  radical,  due  to  reaction  of  the  (C2H5)3Pb*  with  the  dibromo- 
ethane,  could  be  expected.  Also,  tlie  formation  of  more  or  less  complex  mixtures  as  tlie  result  of  subsequent 
reactions  would  be  observed,  in  view  of  the  diverse  nature  of  tlie  reactions  between  the  radicals  tliemselves  and 
with  the  surrounding  molecules.  Actually,  a  smooth  progress  of  the  reaction  is  observed,  witli  the  formation  of 
a  molecule  of  triethyllead  bromide  and  of  olefin. 

TABLE  1 


<u  , 

^  I 

Reaction  products* 

Halo  ! 

derivative 

i 

1 

Reaction  tim 
(hr) 

Conversion  o 
)  >*''.(in 

1  *-  i  t 

—  T  , 

5  i  i  5  i 

1 

1 

1 

1 

! 

i  1 

1 

j 

j 

;  C 

c: 

Ethyl  bromide 

11 

100 

i  1  ' 

04.0  1  2.5  Traces  i 

j  .  {  { 

3.2 

j  18.G 

1  45.0, 
i  50.8 

o  q 

11.0. 

10..5 

l,2-Dibromo“ 

ethane 

2.5 

100 

j 

Gli.O  1  1.1  iThe 

'  !  same 

1  j  1 

12.0 

1  13.0 

S.8, 

83.0, 

83.5 

8.3, 

9.1 

1,2-Dibromo- 

propane** 

12.5 

1  100 

i 

j  70.5  jTracesj  »  » 

i  i  i 

i  15.4 

1 

5.1 

1 

1 

i 

i 

1 

1 

•  The  reactions  were  run  at  70*.  The  yield  of  lead- containing  products  is  given  in  weight 
percent  on  tlie  lead  taken  for  reaction  as  hexaethyldiplumbane.  The  composition  of  tlie 
gas  mixtures  is  given  in  volume  percent. 

••  Composition  of  gas  mixture  (in  volume  %):  propylene  90.5,  ethane  -  ethylene  fraction 

9.2. 


Consequently,  it  is  most  probable  to  assume  the  formation  of  a  primary  active  six-membered  complex, 
with  alternately  created  and  mptured  bonds. 


(C;Hi)jPb-+-PMC2H5l3 

Df  ^-Br - ZlCjHsljPbGr-  +  CH,=  CH2 

cHi  (in 

In  tlie  recent  studies  of  Ya.  K.  Syrkin  [5J  on  die  mechanism  of  chemical  reactions  it  was  sliown  that  such 
transitional  cyclic  complexes  play  a  very  imponant  role  in  many  chemical  reactions.  In  particular,  for  example, 
the  reactions  for  die  dehalogenation  of  1,2- dihalo  compounds  can  be  attributed  to  diem  [6], 

The  triethyllead  bromide,  formed  as  the  primary  product,  proves  to  be  unstable  under  die  reaction  con¬ 
ditions;  the  main  portion  of  the  compound  undergoes  furtlier  transformations. 

I’fCoHjlaPbBr  ->  (C^HJil’b  f  I'bBi.  4-  2C,Hr,.  (Ill) 

3(C2H3):,BbBr  •  >  2(CoHr,)4Bb  -f  BbBra  -f  C2ll5Br  (IV) 

2(C2ll5)3PbBr  ->  (C2ll5)2pbBr2  4-  (C2li3)4Pb  (V) 

The  reactions  (111,  IV,  and  V)  ate  real  was  shown  by  a  systematic  study  of  the  decomposition  of  triediyllead 
bromide  and  its  analogs  [7J. 
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The  scheme  given  above  Is  supported  by  the  following  facts.  The  main  reaction  products  when  hexa- 
etliyldistannane  is  reacted  witli  1,2-dibtomoethane  ate  triediyldn  bromide  and  etliylcne;  only  traces  of  tin 
bromide  and  dibromodictliyltin  are  found  in  tlie  reaction  mixture.  As  a  result,  for  tlie  organotin  analog  of 
hexaetliyldiplumbane  die  following  reaction  determines  die  character  of  the  process; 


Sn-1— SniCjHjjj 

Br  — ►  2(f.jHj)j5nBr  +  CHj=CHj 

CH,  (V,) 

Tlie  gaseous  products  from  die  reaction  of  hexaethyldiplumbane  with  1,2-dibromopropane  contain  an 
ediane -ediylene  fraction,  which  suggests  that  a  part  of  die  triethyllead  bromide  decomposes  in  accordance 
with  Eq.  (III).  Along  widi  this,  die  products  from  this  reaction  contain  about  1  mole  of  gas  mixture  per  mole 
of  lead  bromide,  and  consequently  odier  routes  besides  reaction  (III)  exist  for  the  decomposition  of  triethyllead 
bromide,  not  leading  to  the  formation  of  gaseous  substances. 

An  attempt  to  study  reactions  (III,  IV,  and  V)  via  die  decomposition  of  die  (C2H5)3PbBr  synthesized  by  us 
revealed  diat  the  synthesized  product  is  a  quite  stable  compound. 

Only  a  partial  decomposition  of  die  product  was  observed  when  we  heated  the  triethyllead  bromide  with 
either  dibromoethane  or  dibromopropane  in  nonane  medium  at  70*  for  a  long  time,  which  stands  in  contradiction 
to  the  above  discussed  scheme.  It  is  entirely  probable  that  this  contradiction  is  explained  by  the  impossibility 
of  creating  strictly  comparable  decomposition  conditions. 

In  the  course  of  investigating  the  thermal  stability  of  hexaediyldiplumbanc  [1]  it  was  found  that  the  pure 
substance,  as  well  as  its  solutions  in  inert  solvents,  decompose  in  accordance  with  the  equation: 

(r.2H:,)r.Ph2  -  (r2>l:.)4i’l)  4-  2Coll.-,  •  Tb.  (VII) 

Consequently,  from  die  theoretical  standpoint,  a  sharp  change  in  the  properties  and  in  the  scheme  for  the 
decomposition  of  hexaediyldiplumbanc  in  die  presence  of  catalytic  amounts  of  halogen  compounds,  and,  in 
particular,  of  dibromoethane,  is  a  very  interesting  fact.  Thus,  for  example,  pure  hexaethyldiplumbane,*  in  the 
absence  of  atmospheric  oxygen,  is  stable  for  several  days.  At  105*  it  decomposes  completely  in  5  hours  with 
the  liberation  of  gaseous  products.  Tlie  ratio  of  amount  of  gas  to  metallic  lead  is  in  good  agreement  with  Eq. 
(Vll).  The  same  hexaethyldiplumbane,  but  containing  0.1- 2.0  wt.  %  of  dibromoethane,  under  comparable 
conditions,  decomposes  completely  in  8-10  hours  at  room  temperature,  in  2-2,5  hours  at  40*,  and  in  20-25 
minutes  at  70*. 

Running  the  decomposition  of  (C2il5)6Pb2  in  evacuated  ampuls,  connected  to  a  mercury  manometer,  re¬ 
vealed  a  practically  complete  absence  of  gas  formation.  The  ratio  between  the  amounts  of  lead  and  tetraethyl¬ 
lead  was  in  agreement  with  Eq.  (1). 

As  a  result,  our  study  reveals  diat  in  the  case  of  hexaethyldiplumbane  it  is  necessary  to  distinguish  strictly 
the  thermal  decomposition  reaction,  proceeding  in  accordance  with  Eq.  (VII),  from  the  disproportionation  reaction 
(1),  which  is  caused  by  the  action  of  catalysts. 

It  should  be  emphasized  that  only  small  amounts  of  dibromoethane  (from  0.01  to  5.0  wt.  %)  cause  a 
sufficiently  intense  disproportionation  of  the  hexaetliyldiplumbane.  Further  increase  in  the  amount  reduces  the 
disproportionation  rate,  and  in  the  case  of  equimolar  amounts  the  mixture  fails  to  change  at  room  temperature 
even  in  40-45  hours.  Increasing  the  temperature  in  tlie  latter  case  causes  the  induction  period  to  be  shortened 
and  tlie  appearance  of  concurrent  reaction  of  the  hexaethyldiplumbane  with  the  alkyl  halide,  which  was  described 
in  detail  earlier  in  this  paper. 

Further  study  revealed  tliat  catalysts  for  tlie  disproportionation  process  are  apparently  not  only  the  alkyl 
halides  themselves,  but  also  tlie  products  of  their  primary  reaction  with  hexaethyldiplumbane,  namely,  triethyl¬ 
lead  bromide  and  dibromodiethyllead.  Besides  tlie  indicated  bromides,  it  was  also  established  that  there  exists 
a  large  number  of  analogous  compounds  (metal  halides,  mixed  organometallic  compounds)  that  also  cause  dis¬ 
proportionation.  An  idea  as  to  the  relationship  between  the  activity  of  these  catalysts  and  their  structure  can  be 
•For  synthesis  and  properties  see  [1]. 
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gleaned  from  the  data  in  Table  2,  from  which  it  can  be  seen  that  substances  that  catalyze  the  disproportionation 
of  hexaethyldlplumbane  ate  at  the  same  time  catalysts  for  the  redistribution  of  radicals,  studied  in  detail  by 
Calingaert  and  co-workers  [8J.  Along  with  this,  compounds  that  do  not  catalyze  tlie  redistribution  of  radicals 
(lead  bromide,  trietliyllead  hydroxide,  diethyllead  dihydroxide,  triethyllead  acetate),  and  also  substances  that 
do  not  react  witli  hexaethyldlplumbane  to  form  such  catalysts  (bromobenzene,  trichlorobenzene),  do  not  cause 
disproportionation.  All  of  this  permits  assuming  that  the  disproportionation  of  hexaetliyldiplumbane  under  the 
influence  of  catalysts  is  a  partial  case  of  the  reaction  for  tlie  redistribution  of  radicals. 


TABLE  2 

Extent  of  Conversion  of  Hexaethyldlplumbane  Under  the  Influence 
of  a  Catalyst 


Amount  j 

1 

Reaction} 

Extent  of 

of  cata- 1 

Reaction  | 

time  j 

conversion 

Catalyst 

lystfin  1 

temp,  j 

(in  hr) 

(in  ^h) 

Wt.  ^0) 

1 

0.2 

1 

30°  1 

2 

7.5 

2.1 

30  1 

2 

14.5 

3.8 

30  . 

2 

19.7 

Cn.>HrCll2Br 

0.2 

20 

2 

1.0 

0.2 

40  1 

2 

10.0 

0.2 

50  1 

2 

22.5 

0.3 

00 

0.5 

19.3 

C^llsllr 

8.1 

10-12 

24 

0.9 

(Colljltl’bRr 

3.0 

10-12 

24 

too 

(Coll-.lil’blh-i 

5.5 

10-12 

24  , 

100 

(CjlI-l^PbCl 

3.5 

10-12 

24 

48.0 

C.,H-llgGl 

4.9 

10-12 

24 

51.0 

n  -CTll7llgnr 

4.0 

10-12 

24 

28.0 

(Calir.ljSnCl 

3.3 

10-12 

24 

.38.2 

llgCla 

10.0 

10-12 

! 

35.0 

AiCh 

1.20 

i 

10-12 

i 

1 

•> 

i 

10:) 

i 

It  is  known  tliat  in  tlie  presence  of  the  above- discussed  catalysts,  under  sufficiently  mild  conditions,  a 
redistribution  of  die  radicals  occurs  in  unsymmetrical  organometallic  compounds  of  the  R3R'Pb  type,  leading 
to  the  formation  of  an  equilibrium  mixture  of  all  of  die  possible  combinations  of  the  tetraalkyl  derivatives  of 
lead  [9],  It  is  possible  to  consider  hexaethyldlplumbane  as  being  an  unsymmetrical  compound  of  specifically 
this  type,  since  any  of  the  lead  atoms  in  this  compound  is  linked  to  three  ethyl  radicals  and  one  triethyllead 
radical,  (C2H5)3Pb-  R,  where  R  =  {C2H5)3Pb.  If  it  is  assumed  that  both  kinds  of  radicals  can  participate  with 
equal  ease  in  the  redistribution  reaction,  then  the  addition  of  one  of  the  above  discussed  catalysts  will  cause 
die  reaction  to  go,  leading  to  the  formation  of  an  equilibrium  mixture  of  the  following  compounds;  (C2H5)4Pb  (A), 
(C2H5)3PbR  (B),  (C2H5)2PbR2  (C),  C2H5PbR3  (D),  and  R^Pb  (E).  Since  the  newly  created  compounds  (B  -  E)  also 
contain  unsymmetrical  lead  atoms,  the  process  of  making  die  molecules  more  complex  will  continue.  Along 
with  this,  the  process  cannot  be  endless,  since  even  compounds  (C,  D  and  E)  should  be  extremely  unstable  due 
to  dieir  containing  chains  composed  of  lead  atoms.  As  a  result,  together  with  the  process  of  complication,  the 
process  of  decomposition  of  the  complicated  molecules  will  take  place,  for  example: 


Qll.-. 

I 

((:.,ll:,)3Mb-I'l)-l'b((:.>ll5)3  2((’.oll:,)4l'b  ,  I'b.  (VIU) 

('.,115  (B)  (A) 

as  a  result  of  which  the  solitary  reaction  products  from  die  redistribution  of  the  hexaethyldiplumbane  radicals 
are  tetraethyllead  and  metallic  lead. 
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And  thus,  by  regarding  the  reaction  for  die  disproportionation  of  hexaethyldiplumbane,  going  in  accord¬ 
ance  with  I:q.  (i),  as  a  partial  case  of  tlie  reaction  for  the  redistribution  of  radicals,  it  becomes  easy  to  explain 
die  extreme  instability  of  this  compound  in  the  presence  of  certain  substances  (see  Table  2). 

EXPERIMENTAL 

All  of  the  experiments  were  run  in  sealed  ampuls  in  the  absence  of  atmospheric  oxygen.  Tire  method  of 
sealing  die  ampuls  and  of  removing  atmospheric  oxygen  from  the  reaction  mixtures  was  essentially  the  same 
as  that  described  earlier  (1,  2j. 

Reaction  of  hexaethyldiplumbane  with  1,2-dibromoethane.  A  mixture  of  7.0  g  (0.012  mole)  of  hexaethyl¬ 
diplumbane  and  3.1  g  (0.029  mole)  of  the  dibromoethanc  in  7.0  g  of  hexane  was  kept  in  a  diermostat  at  70* 
until  die  lemon-yellow  color,  characteristic  for  (C2H5)gPb2,  disappeared  (2.5  hours).  Tlie  ampul  contents  were 
cooled  in  liquid  nitrogen,  and  die  ampul  was  then  connected  to  a  gas  buret  and  opened.  The  amount  of  gas 
mixture  collected  was  23  ml,  wliich  was  analyzed  by  die  method  of  gas  chromatography,  using  silica  gel  as  the 
adsorbent  (see  Table  1).  The  ampul  contents  were  filtered,  and  die  solid  residue  was  washed  widi  cold  hexane. 

The  filtrate  was  combined  with  die  hexane  extract,  and  die  whole  was  dien  fractionated  in  vacuo.  We  obtained 
5.1  g  (6G%)  of  tetraethyllead,  b.  p.  78*  at  11  mm.  Tlie  compound  was  identified  as  the  triethyllead  mono- 
chloroacetate,  m.  p.  142-143*.  The  mixed  melting  point  with  authentic  monochloroacetate  was  not  depressed. 

In  a  separate  experiment  it  was  found  (extraction  of  the  mixture  with  35%  KOH,  followed  by  analysis  of 
the  extract  for  bromide  ion)  that  the  liquid  portion  of  die  reaction  mixture  contains  dissolved  triethyllead 
bromide.  An  additional  amount  of  this  product  was  extracted  from  die  solid  reaction  products  using  hot  benzene. 
Total  yield  1.1%,  M.  p.  102*.  The  mixed  melting  point  widi  the  pure  substance  was  not  depressed. 

The  solid  reaction  products  (lead  and  lead  bromide)  were  separated  by  repeated  extraction  of  the  mixture 
with  boiling  water.  The  results  of  die  experiment  ate  summarized  in  Table  1. 

Reaction  of  hexaediyldiplumbanc  with  1,2-dibromopropane.  A  mixture  of  1,3  g  (0.002  mole)  of  hexaethyl¬ 
diplumbane  and  0,45  g  (0.002  mole)  of  die  dibromopropane  was  placed  in  an  ampul  (volume  128  ml),  connected 
to  a  mercury  manometer.  Atmospheric  oxygen  was  removed  from  the  mixture  in  customary  manner  [1],  and  the 
ampul  was  evacuated  and  sealed.  Then  the  ampul  was  kept  in  a  thermostat  at  70*  for  3.5  hours,  during  which 
time  the  pressure  increased  from  3  to  98  mm  of  Hg,  Using  die  procedure  described  in  the  previous  experiment, 
the  reaction  mixture  was  worked  up  to  give  tetraethyllead  (70.5%  yield,  based  on  lead),  lead  bromide  (15.4%), 
and  lead  (5.1%).  As  a  result,  1  mole  of  liberated  PbBr2  corresponds  to  about  1  mole  of  gas  mixture. 

The  data  on  the  reaction  of  hexaethyldiplumbane  with  1,2-dibromopropane  and  with  ethyl  bromide  in 
n-heptane  medium  are  given  in  Table  1. 

Reaction  of  hexaediyldistannane  with  1,2-dibromoethane.  A  mixture  of  6,2  g  (0.015  mole)  of  hexaethyl- 
distannane  and  2,8  g  (0.026  mole)  of  the  dibromoethane  was  kept  in  a  diermostat  at  180*  for  3  hours.  The 
gaseous  reaction  products  were  analyzed  by  the  method  of  gas  chromatography  (silica  gel  was  used  as  the  ad¬ 
sorbent).  Found  (in  %):  ediylene  90.5,  ediane  9.2,  butane  0.3. 

Tlie  reaction  mixture  was  fractionally  distilled  in  vacuo.  Here  we  collected  6.3  g  (75%)  of  triethyltin 
bromide,  b.  p,  108-111*  at  20  mm,  n^®D  1.5263.  Literature  data  [10]:  b,  p.  105-107*  at  15  mm,  n*®D 
1.5240. 

Treatment  of  the  bromide  with  20%  KOH  solution  gave  2.6  g  of  triethyltin  hydroxide,  m,  p.  43-44*. 
Literature  data  [11]:  m.  p.  43-44*.  The  residue  from  the  distillation  of  the  (C2H5)3SnBr  was  dissolved  in 
alcohol  and  then  treated  with  concentrated  ammonia.  Here  we  collected  0.2  g  of  infusible  diethyltln  oxide, 
proving  to  be  insoluble  in  organic  solvents,  which  on  treatment  with  concentrated  HCl  gave  diethyltin  di¬ 
chloride,  m.  p.  83*  (from  hexane).  Literature  data  [12]:  m.  p.  84*. 

Decomposition  of  triethyllead  bromide  in  solvents.  A  solution  of  2.5  g  of  triethyllead  bromide  in  10  ml 
of  1,2-dibromoetliane  was  kept  in  a  diermostat  at  70*  for  6.5  hours.  The  reaction  mixture  was  worked  up  in 
customary  manner  to  yield  0.3  g  of  lead  bromide;  yield  8.9%  (based  on  lead).  We  also  collected  30.0  ml  of 
gas  mixture,  which  analyzed  (in  mole  %):  ethane  20.3,  ethylene  74.0,  and  butane  5.7. 
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The  decomposition  of  1.7  g  of  trieiliyllcad  bromide  in  10  ml  of  n-nonane  (8.5  hour  at  70")  gave  0.28  g 
of  lead  bromide;  yield  9.4'^o  (based  on  lead).  The  composition  of  die  gaseous  reaction  products  was  (in  %): 
edianc  51.2,  ediylene  41.8,  and  butane 

Disproportionation  of  hexaeihyldiplumbane.  A  charge  of  0.1  g  of  1,2-dibromoethane  was  placed  in  an 
ampul  and  then  cooled  in  liquid  nitrogen.  Tlie  ampul  was  evacuated  (0,5-1  mm  Hg),  after  \vhich  5.0  g 
(0,0085  mole)  of  hexaediyldiplumbanc  was  added  in  drops.  Then  the  ampul  was  sealed  and  allowed  to  warm 
up  in  die  dark.  When  die  dibromoethane  concentration  equalled  2  wt.  the  separation  of  metallic  lead  was 
observed  as  soon  as  the  temperature  reached  15-17*. 

After  1  day  the  reaction  mixture  was  filtered.  The  filtrate  was  practically  pure  tetraethyllead.  The 
yield  was  4.0  g  (OS.O'^o),  B.  p.  81*  at  12  mm. 

Tile  metallic  lead  was  washed  repeatedly  widi  ether,  after  which  it  was  dissolved  in  nitric  acid  and 
determined  by  the  molybdate  method.  Weight  of  Pb  1.1  g  (97.0*70). 

The  absence  of  gas  formation  when  the  disproportionation  was  run  at  23,  40  and  70  *  was  shown  by 
running  the  reactions  in  evacuated  ampuls,  connected  to  a  mercury  manometer.  An  increase  in  the  pressure 
was  not  observed  during  reaction. 

Tlie  effect  of  temperature  and  of  the  dibromoethane  concentration  on  the  rate  of  hexaeihyldiplumbane 
disproportionation  is  shown  in  Table  2. 


S  U  M  M  A  RY 

1.  We  investigated  the  reaction  of  hexaethyldiplumbanc  with  equimolar  amounts  of  ethyl  bromide,  1,2- 
dibromocthane  and  1,2-dibtomopropanc,  leading  to  die  formation  of  tetraethyllead,  lead  bromide,  triethyllead 
bromide,  dibronu'diediyllead,  and  metallic  lead.  A  reaction  scheme  was  proposed. 

2.  The  reaction  of  hexaetiiyldistannane  with  1,2-dibromoethane  was  examined.  Here  die  main  reaction 
products  are  tricdiyliin  bromide  and  ethylene. 

3.  It  was  established  that  besides  the  thermal  decomposition  reaction:  (C2H5)6Pb2  (C2H5)4Pb  +  Pb + 

+  202115*,  hexaethyldiplumbanc  is  also  capable  of  undergoing  disproportionation  in  accordance  widi  the  reaction: 
2(C2fl5)5Pb2  -»■  3(C2n5)4Pb  +  Pb,  caused  by  the  action  of  catalysis.  Catalysts  for  die  disproportionation  reaction 
are  metal  halides  of  the  AICI3  type,  mixed  organometallic  compounds  [for  example,  (C2H5)3rbCl],  and  also 
substances  that  react  with  hexaetliyldiplumbane  to  yield  die  above  indicated  catalysts  (for  example,  1,2-di- 
bromoediaiie). 
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P.  F.  Butskus  and  G.  I.  Denis 
Vil'nyus  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1317-1321,  April,  1960 
Original  article  submitted  April  20,  1959 


The  purpose  of  the  present  work  was  a  study  of  the  lability  of  the  bond  between  the  cyanoethyl  group  and 
the  nitrogen  atom  in  N-cyanoethylated  a-amino  acids  and  their  derivatives.  On  tiiis  subject  tlie  literature  con¬ 
tains  only  tlie  report  that  when  N.N-dicyanoethylalanine  is  heated  above  its  melting  point,  the  substance  solidifies 
and  then  melts  again  at  the  temperature  corresponding  to  the  melting  point  of  N-monocyanoeihylalanine  [Ij  and 
that  tlie  hydrolysis  of  N,N-dicyanoethyl-a-amino  acids  forms  N-monocarboxyethyl-o- amino  acids  [2J. 

We  studied  the  decyanoethylation  of  some  N-monocyanoetliyl-  and  N,N-dicyanoethyl- a-amino  acids, 
tlieir  esters,  amides,  and  hydrazides,  N-monocyanoetltyl-  and  N,N-dicyanoethylglycylglycine,  and  N,N’-di- 
cyanoethyl- 2,5-diketopiperazine.  In  tlie  investigation  of  decyanoetlaylation  it  was  particularly  important  to 
find  a  metliod  of  removing  a  cyanoethyl  group  from  dicyanoethyl  derivatives  of  a-amino  acids.  We  observed 
that  one  of  tlie  two  cyanoethyl  groups  on  the  nitrogen  atom  may  be  removed  readily.  It  was  eliminated  by 
heating  dicyanoethyl- a- amino  acids  with  aqueous  solutions  of  tertiary  amines  (trimethylamine,  triethylamine, 
pyridine,  and  quinoline)  or  an  equivalent  amount  of  caustic  alkali.  The  reaction  proceeded  according  to  the 
scheme; 

R  R 

I  I 

iioo(x;hn(cm2('.H2CN)2  ii()orA:nNii— cii2Cii2('N  -i-(:H2=chcn 

R  =  H,  CH„  C,H„  CH(CH,), 

In  some  cases  (derivatives  of  alanine  and  a-aminobutyric  acid)  this  reaction  occurred  even  with  simple 
heating  of  an  aqueous  solution,  though  the  yield  was  low.  Monocyanoethyl  derivatives  of  alanine  and  a-amino¬ 
butyric  acid  were  also  obtained  by  pyrolysis  of  tlie  corresponding  dicyanoethyl  derivatives  at  170*. 

When  dicyanoethylated  amino  acids  were  heated  with  amino  acids  in  the  presence  of  caustic  alkali, 
rearrangement  ol  the  cyanoetliyl  groups  occurred.  Since  cyanoethylation  of  amino  acids  is  a  reversible  reaction, 
it  was  found  that  by  choosing  suitable  conditions  it  was  possible  to  eliminate  the  cyanoethyl  groups  completely 
from  monocyanoethyl  and  dicyanoethyl  derivatives  of  a-amino  acids: 

R 

I 

HOOCCHNH— CH2CH2CN 


nOOGCHN(Cll2CH2CN)2 

I 

R 

R  =  H,  CH„  C.H,,  OH(CH,)„'*CH,C,H,. 
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The  yield  of  completely  decyanocthylated  products  reached  80'7n.  Agents  for  this  reaction  are  ammonia, 
hydrazine,  dimethylamine,  dicthylamine,  and  piperidine.  Other  amines,  such  as  methylamine,  ethylamine, 
and  etliylenediamine,  may  also  be  used  for  this  purpose.  A  2-10<^o  aqueous  solution  of  ammonia  gave  good 
results  in  decyanocthylation.  An  increase  in  the  ammonia  concentration  decreased  the  yield  of  decyanoethyla- 
tion  products.  The  action  of  gaseous  and  alcoholic  ammonia  did  not  give  positive  results.  When  esters,  amides, 
and  tlic  hydrazide  of  cyanoethylatc  glycine  were  decyanocthylated  with  lO^o  aqueous  ammonia  solution,  in 
addition  to  elimination  of  the  cyanoethyl  groups,  ilicre  was  also  hydrolysis  of  the  ester,  amide,  and  hydrazide 
groups  to  a  carboxyl. 

It  should  also  be  noted  that  N-monocyanoethyl  and  N,N-dicyanoet]iylglycylglyclne  were  decyanocthylated 
quite  readily  when  heated  with  2-5'7o  aqueous  ammonia  solution.  There  was  no  hydrolysis  of  the  peptide  bond 
under  these  conditions.  Thus,  there  is  the  possibility  of  using  a  cyanoethyl  group  for  "protecting"  the  amine 
group,  for  example,  in  the  synthesis  of  peptides. 

We  observed  that  it  was  impossible  to  remove  a  cyanoetlryl  group  from  N,N'-dicyanoetliyl-2,5-diketo- 
piperazinc  under  these  mild  conditions. 


EXPERIMENTAL 

Starting  materials.  Cyanoetliylated  a- amino  acids  were  prepared  by  cyanoethylation  of  a- amino  acids 
witli  acrylonitrile  L3j  and  8 -chloropropionitrile  [4j.  Cyanoethylation  of  the  etliyl  ester  of  glycine  yielded  the 
corresponding  cyanoethylation  products  [5J  and  treatment  of  the  latter  with  ammonia  and  hydrazine  hydrate 
gave  amides  [5J  and  the  hydrazide  [6J  of  cyanoetliylated  glycine.  Cyanoetliylated  glycylglycine  and  diketo- 
pipcrazinc  were  syntlicsized  from  acrylonitrile  and  glycylglycine  or  diketopiperazine  [7J. 

N,N-Dicyanocthyl-a-aminobutyric  acid,  which  has  not  been  described  in  tlie  literature,  was  obtained  by 
the  general  procedure  [IJ  in  71 yield  and  had  m.  p.  48-49*  (unrecrystallized  product). 

Found  N  20.1G.  CioHisOgNj.  Calculated  N  20.09. 

N,N-Dicyanoethylglycylglycine,  which  has  not  been  described  in  die  literature,  was  obtained  by  the 
action  of  7.1  g  (0.07  mole)  of  triethylaminc  and  10  g  (0.18  mole)  of  acrylonitrile  on  a  solution  of  10  g  (0.07 
mole)  of  glycylglycine  in  40  ml  of  water.  The  homogeneous  reaction  mass  was  allowed  to  stand  for  a  week 
and  was  dicii  evaporated  to  dryness  in  vacuum.  Tae  oil  obtained  crystallized  on  standing.  The  yield  of  N,N- 
dicyanoethylglycylglycine  after  recrystallization  from  alcohol  was  14  g  (77.7'7c').  The  m.  p.  was  100-103". 

The  substance  was  readily  soluble  in  water  and  hot  alcohol.  It  gave  a  biuret  reaction,  did  not  give  a  ninhydrin 
reaction,  and  did  not  contain  amine  nitrogen  tliat  could  be  determined  by  die  Van  Slyke  mcdiod. 

Found  «7o:  N  23.20,  23.34.  CioNuOaN^.  Calculated  N  23.52. 

Dccyanoethylation  of  N,N-dicyanoethyl-a- amino  acids  to  N- monocyanoethyl-g- amino  acids,  a)  About 
0.01  mole  of  dicyanoediylated  a-amino  acid  was  heated  in  vacuum  for  1  hour  at  170".  The  product  obtained 
was  dissolved  in  water  and  the  monocyauoethylated  a-amino  acid  precipitated  by  the  addition  of  alcohol. 

b)  To  a  solution  of  die  dicyanoethylatcd  a-amino  acid  in  50  ml  of  water  was  added  an  equivalent 
amount  of  potassium  hydroxide  and  die  reaction  mixture  heated  at  100"  for  10  hours.  The  solution  was  neutralized 
widi  acetic  acid  and  concentrated  and  the  tiionocyanocthylated  a- amino  acid  precipitated  by  the  addition  of 
alcohol. 

c)  To  a  solution  of  dicyanoediylated  a-amino  acid  in  10-100  ml  of  water  was  added  1-4  equivalents  of 
triethylaminc,  pyridine,  or  quinoline  and  the  reaction  mixture  heated  under  reflux  at  100*  for  10  hours.  Tlie 
solution  was  evaporated  to  dryness  in  vacuum  and, twice,  8-10  ml  of  water  was  added  to  the  residue  and  the 
mixture  evaporated  to  dryness.  Tlie  solid,  greasy  residue  was  dissolved  in  a  small  amount  of  water  and  the 
monocyanoethylated  derivative  of  the  a-amino  acid  precipitated  by  the  addition  of  alcohol. 

d)  A  solution  of  the  dicyanoethylatcd  a-amino  acid  in  100  ml  of  water  containing  5  g  of  trimethylamine 
was  heated  in  a  thick- walled  stoppered  bottle  on  a  boiling  water  bath  for  10  hours.  Tlie  product  was  isolated 

as  in  Experiment  c).  The  experimental  results  are  given  in  Table  1. 
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TABLE  1 

Decyanoethylation  of  N,N- Dicyanoethyl-a-amino  Acids  RCH(COOH)N- 
(CH2CH2CN)2  to  N-Monocyanoetliyl-o-arnino  Acids  RCH(CC)CH)NHCH2CH2CN 


hydrazide.  The  reaction  was  canied  out  with  10*^3  aqueous  ammonia  solution.  The  reaction  conditions  and 
metiiod  of  isolating  the  decyanoethylation  product  were  as  in  Experiment  1.  The  glycine  yield  was 

3)  N- Monocyanoethyl-  and  N,N-dicyanoethylglycylglycine.  The  reaction  and  treatment  of  the  products 
were  carried  out  as  in  Experiment  1.  a)  To  2  g  of  monocyanoethylglycylglycine  was  added  120  ml  of  2-3% 
aqueous  ammonia  and  the  mixture  heated  at  100"  for  8-10  hours.  The  glycylglycine  yield  was  1,1  g 
The  substance  decomposed  at  210-220*  (215-220*  [8]).  It  did  not  give  Francois  or  picric  acid  reactioiu; 
ninhydrin  and  biuret  reactions  were  positive. 


1347 


TABLE  2 

Decyanoethylation  of  N-Monocyanoethyl-a- amino  Acids  RCH(CCX)H)NHCH2CH2CN 
to  a- Amino  Acids  RaKCOOiDNHj 


R 

Reagent 

Decyanoethylation  product 

Analysis  results  for  decyan 
ethylation  product  (in  ’/o) 

c 

TO 

<u 

melting  point  (decomp.) 

amine  nitro¬ 
gen  by  Van 
Slyke  metho 

elementary 

analysis 

calculated 

found 

'rom  litera-  j 
ture  data 

II 

Ammonia 

80.4 

1 

230—234° 

19.2 

C  32.36. 

C  31.98 

32.10 

11  6.89. 

11  6.71 

6.72 

1  232— 236°(8] 

N  18.02, 

N  18.07 

18.00 

II 

Hydrazine 

71.4 

230-234 

19.2 

N  18.73, 

18.01 

II 

Piperidine 

71,4 

230-234 

— 

— 

— 

CM3 

Ammonia 

80.0 

294—290 

1 

15.7 

N  1.5.53, 

N  15.72 

1 

15.04 

CM  3 

Hydrazine 

79.8 

293—295 

?  295 1®1 

1.5.7 

— 

CII3 

Dimethylamir 

e  42.G 

292—29.5 

1 

— 

— 

— 

CillB 

Ammonia 

50.5 

286—288 

13.5 

N  13.40, 

N  13.58 

13.32 

Czll., 

Hydrazine 

79.8 

284—287 

285  (10] 

13.0 

— 

CsMr, 

Dicthylamine 

4.5..T 

280—290 

1 

— 

— 

— 

C2M5 

Piperidine 

30.3 

283-284 

I 

— 

— 

— 

CII(Cll3)2 

Ammonia 

70.0 

290—298 

298  (10) 

11.1 

N  11.94. 

N  11.96 

12.04 

Cll2C«H5 

Ammonia 

81.8 

270-274 

271—273  (11] 

8.5 

N  8.35, 

N  8.48 

8.51 

TABLE  3 

Decyanoethylation  of  N,N-Dicyanoethyl-a-amino  Acids 
Rai(COOH)N(ai2CH2CN)2  to  a- Amino  Acids  RCH(COOH)NH2 
(with  ammonia) 


Decyanoethylation  product 


u 

yield  (10%) 

melting  point  (decomp.) 

found 

from  literature 
data 

11 

73.7 

228—234° 

232-236°  (S] 

C1I3 

09.2 

294-296 

295  (8] 

C2H5 

00.6 

285 

285  (10] 

Cll(Cll3)2 

73.3 

290-298 

298  (10] 

Found  C  36.30,  36.06;  H  6.48,  6.22;  N  21.09,  21.13;  amine  nitrogen  by  Van  Slyke  metiiod 
10.7.  C4H8O5N2.  Calculated  7o:  C  36.36;  H  6,10;  N  21.20;  amine  nitrogen  10,6. 

b)  To  5  g  of  N,N-dlcyanoethy!glycylglycine  was  added  150  ml  of  aqueous  ammonia  and  tlie  mixture 
heated  at  100*  for  10  hours.  The  glycylglycine  yield  was  1.7  g  (62,9*70).  The  substance  decomposed  at  210-220*. 
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SUMMARY 


The  decyanoethylation  of  N-cyanoethylated  a- amino  acids  and  their  derivatives  was  studied. 

When  two  cyanoethyl  groups  are  present  at  a  nitrogen  atom,  one  of  them  is  particularly  labile.  One 
cyanoetliyl  group  is  eliminated  from  N,N-dicyanoethyl-a-amino  acids  when  the  latter  are  heated  with  aqueous 
solutions  of  tertiary  amines  or  caustic  alkali  or  heated  in  vacuum  at  170*. 

When  N- monocyanoethyl-  and  N,N-dicyanoethyl- a-amino  acids  are  heated  with  aqueous  solutions  of 
ammonia,  hydrazine,  dimethylamine,  dieihylamine,  and  other  amines,  complete  decyanoethylation  occurs  and 
a-amino  acids  are  obtained. 
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DECY ANOETHY LATION  AND  T R A N S C Y A N OE T H Y L A T I O N  OF 


6-ALKOXY-AND6-AROXYPROP10N1TR1LES 

P.  F.  Butskus  and  G.  I.  Denis 
Vil'nyus  State  University 

Translated  from  Zliiirnal  Obslichei  Kliimii,  Vol.  30,  No.  4,  pp.  1321-1325,  April,  1960 
Original  article  submitted  April  20,  1959 


In  a  previous  communication  [Ij  it  was  sliown  that  the  reaction  of  aniline  witli  6-nicthoxy-,  8-ctlioxy-, 
and  8 -phenoxypropinnitriles  leads  to  the  formation  of  tlic  transcyanoetliylation  product,  namely,  6-phenyl- 
aminopropionitrilc.  The  decyanoetliylation  and  transcyanoethylation  of  other  8-alkoxy-  and  fl -aroxypropio- 
nitrilcs  were  studied  in  the  present  work, 

6-Phcnylaniinopropionitrile  was  obtained  as  a  result  of  die  reaction  of  aniline  witli  monocyanoetliyl 
derivatives  of  inonohydric  alcohols  (propanol,  butanol,  isobutanol,  sec- butanol,  amyl  and  isoamyl  alcohols, 
and  cyclohexanol),  dicyanoetliyl  derivatives  of  dihydric  alcoliols  (ethylene  glycol  and  1,2-propanediol),  and 
tricyanocthylglyecrol.  Tlie  reaction  occurred  in  aqueous  solution  in  die  presence  of  a  very  small  amount  of 
sodium  hydroxide  or  triethylaniine.  It  was  observed  that  in  die  case  of  die  di-3-cyanoethyl  ether  of  ethylene 
glycol,  transcyanoethylation  occurred  widiout  the  addition  of  alkaline  agents. 

Transcyanoethylation  of  monocyanoetliyl  derivatives  of  o-,  m-,  and  p-cresols  and  a-  and  0-naphthols 
and  dicyanocdiyl  derivatives  of  dihydric  phenols  (pyrocatechol,  resorcinol,  and  hydroquinone)  with  die  aid  of 
aromatic  amines  also  occurred  in  aqueous  solution  in  die  absence  of  alkaline  agents.  As  a  result  of  the  reaction 
it  was  possible  to  isolate  both  the  transcyanoethylation  product,  6 -plienylaminopropionitrile,  and  decyanoethyla 
tion  products,  namely,  a-  and  fl-naphdiols  and  also  dihydric  phenols.  In  the  case  of  the  8-cyanoethyl  etlier  of 
fl-naphdiol,  for  example,  die  reaction  proceeded  according  to  the  scheme: 

II  ‘  QjHgNllz  I  I  +C6H5NHCII2CII2CN 


It  was  found  that  decyanoethylation  occurred  when  6 -phenoxypropionitrile,  the  8-cyanoethyl  ethers 
of  a-  and  8-naphthols,  and  the  di-8 -cyanoethyl  ethers  of  pyrocatechol,  resorcinol,  and  hydroquinone  were 
heated  in  5%  aqueous  caustic  alkali  solution.  The  decyanoethylation  products  were  the  corresponding  phenols. 

When  the  8-cyanocdiyl  edier  of  8-naphthol  was  heated  in  benzene  in  the  presence  of  alkali,  the  cyano- 
etiiyl  group  was  transferred  from  the  oxygen  atom  to  a  carbon  atom  to  form  l-(8 -cyanoethyl)- 2-naphdiol. 


Heating  ilic  dl-6 -cyanoethyl  ether  of  resorcinol  in  methanol  in  the  presence  of  sodium  alcoholate  led 
to  the  lurmation  of  6-hydroxy- 2-cyanoethyl-3-cyanoetltoxybenzene. 


O-CII2CII2CN  O-CII2CH2CN 


Is^^-O-CIlaCHjCN 


.-^N-CHaCHjCN 

1J_0H 


EXPERIMENTAL 

(With  the  help  of  M.  Yu.  Dolmatova  and  A.  G.  Kasevich) 

1.  Reaction  of  aniline  with  6 -alkoxypropionitriles,  A  mixture  of  0.02  mole  of  8 -alkoxypropionitrile, 

0.1  mole  (9.3  g)  of  aniline,  and  0.025  g  of  sodium  hydroxide  in  water  (150  ml)  was  boiled  under  reflux  for 
10  hours.  The  reaction  mixture  was  evaporated  in  vacuum  on  a  water  bath.  The  residue  was  dissolved  in  warm 
alcohol  (15-20  ml)  and  8-10  ml  of  water  added.  After  a  few  days  the  precipitated  6 -phenylaminopropionitrlle 
was  collected  by  filtration,  washed  with  water,  and  dried  in  air.  The  results  of  the  experiments  ate  given  in 
Table  1. 


TABLE  1 


Compound  decyanoethylated 


6  -phe  n  yl  a  mi  nopropio- 
nitrile(m.p.  49-50^  [2]) 

yield  melting  poiiit 
(in  7o)  found 


6-Propoxypropionitrile . 

6-Butoxypropionitrile  . 

6-Isobutoxypropionitrilc . 

6-scc-Butoxypropionitrile  . 

6  -Amyloxypropionitrile . 

6-Isoamyloxypropionitrile. . 

Di-6 -cyanoethyl  ether  of  ethylene 

glycol . 

Di-6 -cyanoethyl  ether  of  1,2- 

propanediol . 

Tri-6 -cyanoethyl  ether  of  glycerol.. 
6  -Cyclohcxyloxypropionitrile . 


11.9 

5.5 

8.8 

10.2 

.5.5 

8.8 

14.4 

21.4 
22.8 
20.2 


50° 

49 

49 

49-50 

49 

49—50 

49.5 

48 

49-50 

49-50 


The  reaction  proceeded  analogously  if  triethylamine  was  used  instead  of  sodium  hydroxide, 

2.  Reaction  of  aromatic  amines  with  6 -aroxypropionitriles.  A  mixture  of  0.01  mole  of  6  - aroxypropio- 
nitrile  and  0.1  mole  of  aromatic  amine  in  water  (150  ml)  was  boiled  under  reflux  for  20  hours.  The  reaction 
mixture  was  evaporated  in  vacuum  on  a  water  bath.  The  residue  was  dissolved  in  dilute  alkali  and  the  6-phenyl- 
aminopropionitrile  extracted  with  ether.  The  aqueous  alkaline  solution  was  acidified  and  the  phenol  extracted 
with  ether.  Tlie  latter  was  also  isolated  from  the  aqueous  distillate.  The  results  of  the  experiments  are  given 

in  Table  2. 

3.  Decyanoethylation  of  6 -aroxypropionitriles  with  aqueous  sodium  hydroxide.  To  2  g  of  8-aroxyproplo- 
nitrile  was  added  70  ml  of  5%  aqueous  sodium  hydroxide  (or  potassium  hyoroxide)  and  tlie  reaction  mixture 
boiled  under  reflux  for  3  hours.  The  alkaline  solution  was  acidified  and  tlie  phenol  extracted  with  ether.  The 
results  of  the  experiments  are  given  in  Table  3. 

4.  1- (6 -Cyanoethyl)- 2- naphthol.  A  mixture  of  3  g  of  the  6 -cyanoethyl  ether  of  6-naphthol,  0.7  g  of 
sodium  hydroxide,  and  10  ml  of  benzene  was  heated  for  2  hours.  The  solid  substance  formed  was  dissolved  by 
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TABLE  2 


Starting  materials 


0-cyanO' 
ethyl  ethers 
of  phenols 


aromatic 

amine 


Phenols  obtained  by  decyanoethylation 


name 


jyield 
|(in  %) 


melting  point _ 

from  litera¬ 
ture  data 


found* 


o-Ocsol 

m-Crcsol 

p-OesoI 

or-NaphthoI 

6  -Naphthol 

Pyrocatechol 


Aniline 


a-Naphihol 
fl  -Naphthol 
Pyrocatecho 


74.3 

80.0 


94' 


(subl.) 

122 

lO.S 


9t»°(.<!ubl.)r*| 
122-123  ("1 
104-1  or.  HI 


8-Phenylamino- 
propionitrile 
(m,p,  -40-50*  [2]) 


yield 
(in  % 

1 

melting 

point 

found** 

f)5.0 

48- 49*^ 

()8.5 

48-49 

r.s.5 

48-49 

70.5 

48-49 

80.0 

50 

72.0 

49 

Resorcinol 

Hyclroquin- 

one 

The  same 
The  same 


Resorcinol 

iiydro- 

p-Toluidinr  quinonc 
p-Anisidine 


77.0 

43.1 

41.3 


108— lO't 
170 

170 

170 


110.7  [*\ 
170.3  (<) 

170.3  (<| 
170.3  (^l 


84.9 

74.3 


.50 

48 


•  Mixed  melting  points  of  tlie  decyanoethylation  products  with  the  corresponding  naphthols 
and  dihydric  phenols  were  not  depressed. 

•*  Mixed  melting  points  of  the  transcyanoetliylation  products  with  authentic  fi-phenyl- 
aininopropionitrile,  obtained  by  the  action  of  acrylonitrile  on  aniline  were  not  depressed. 

TABLE  3 


Decyanoethylation  product 

C,ompound  decyanoethylated 

name  | 

j  yield  (in  %) 

melting  point 

found 

from  litera- 
_Lure_daja _ 

6  -Plienoxynropionitrile 

6 -Cyanoctiiyl  etlier  of  o-naphthol 

Phenol  ! 

1 

04.8  1 

38-40” 

42-43°  (  •f 

a- Naphthol 

1  78.7  1 

90  (subl.) 

95  (subl.lpl 

6 -Cyanoethyl  ether  of  fl -naphthol 

6 -Naphthol 

87.0  1 

120-121 

122—123  PI 

I)i-fl -cyanocthy!  ether  of  pyro- 

Pyrocatechol 

77.2 

:  103-103.5 

104-105  (M 

catechol 

Di-fl-cyanoethyl  ether  of 

Resorcinol 

20.7 

100-109 

110.7  [*] 

resorcinol 

170.3  (4] 

Di-fl-cyanoethyl  ether  of  hydro- 

Hydroquinone 

50.5 

170-171 

qumone 

die  addition  of  12-15  ml  of  water.  The  aqueous  layer  was  separated  from  the  benzene  layer  and  acetic  acid 
added  to  it  to  precipitate  the  reaction  product.  Tlie  latter  was  collected  by  filtration,  waslicd  widi  water,  and 
recrystallizcd  from  alcohol.  Tlie  yield  of  l-(0 -cyanoediyl)-2-naphtiiol  was  1.5  g  (50*70)  and  the  m.  p.  142", 
which  agrees  with  literature  data  [6].  A  mixed  melting  point  widi  l-(8 -cyanoethyl)-2-naphthol  obtained  by 
the  action  of  acrylonitrile  on  fl -naphthol  was  not  depressed. 

Found  <yo:  N  7.23.  CiglluON.  Calculated  <7o:  N  7.10. 

5.  1-Hydroxy- 2-cyanoethyI-3-cyanocthoxybenzene.  A  solution  of  8  g  of  the  di-fl-cyanoediyl  ether  of 
resorcinol  and  1.5  g  of  sodium  in  15  ml  of  mcdianol  was  heated  under  reflux  on  a  water  badi  for  24  hours.  After 
evaporation  of  die  medianol  in  vacuum,  die  colored  oily  residue  was  dissolved  in  25  ml  of  3<7o  aqueous  sodium 
hydroxide.  The  alkaline  solution  was  extracted  twice  widi  ether,  acidified  widi  dilute  hydrochloric  acid,  and 
dien  extracted  diree  times  widi  ether.  The  latter  extract  was  washed  several  times  widi  water  and  die  solvent 
evaporated.  The  dark-brown  residue  was  recrystallized  twice  from  aqueous  alcohol.  Tlie  yield  of  1-hydroxy- 2- 
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cyanocthyl-n-cyanoethoxybenzene  was  2.6  g  and  the  m.  p.  157-159*  (m,  p.  160-161"  [7J).  A  mixed  melting 
point  with  1-hydroxy- 2-cyanoetliyl-3-cyanoctlioxybenzene  obtained  by  die  action  of  acrylonitrile  on  resorcinol 
was  not  depressed. 


SUMMARY 

Transcyanoethylation  occurred  when  6-alkoxy-  and  8 -aroxypropionitriles  were  treated  with  aromatic 
amines. 

Heating  6 -aroxypropionitriles  in  aqueous  caustic  alkali  solution  yielded  decyanoetiiylation  products. 

When  the  8-cyanoethyl  etlier  of  8-naphthol  and  die  di-8 -cyanoediyl  ether  of  resorcinol  were  heated  in 
the  presence  of  alkaline  agents,  a  cyanoediyl  group  was  transferred  from  an  oxygen  atom  to  a  carbon  atom. 
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Aurintricarboxylic  acid 


coon 


coon 

<  >" 

coon 


was  first  proposed  as  an  analytical  reagent  in  1925  [1],  It  is  readily  syntltesized  [2]  from  accessible  reagents 
and  tlicrefore,  in  die  form  of  the  ammonium  salt,  which  is  known  as  "Aluminon",  it  has  found  quite  wide 
application  as  a  reagent  for  aluminum  [3j,  some  rare  elements  L4j,  beryllium  [5j,  etc.  Despite  diis,  up  to  now, 
there  has  been  no  sufficiently  full  investigation  of  the  acid  itself  and  its  reaction  widi  metals. 

First  it  should  be  stated  that  a  worthless  attempt  to  study  the  reaction  of  aurintricarboxylic  acid  with  Al®'*' 
was  made  by  Tlirun  [6J,  who  tried  to  calculate  die  value  of  K  and  demonstrate  the  constancy  of  die  ratio: 

_  (free  Al;03)*(free  aurintricarboxylic  acid) 

(total  A1203)  •  (lake)  * 

which  should  not  be  constant  according  to  the  Law  of  Mass  Action.  Babko  [7]  studied  the  indicator  change  of 
tile  reagent  in  die  pH  region  around  13  and  found  the  value  pK  =  13.1  by  a  simplified  method.  Starting  from 
the  position  of  the  inflection  on  the  optical  saturation  curve,  he  came  to  the  conclusion  diat  the  aluminum 
complex  has  a  1  :1  composition  and  found  diat  its  instability  constant  equals  10'^^,  assuming  that  the  complex 
arising  in  an  acid  medium  is  formed  from  anions  of  die  dye  produced  at  pll  13.  Molot  and  Kul'berg  [8]  con¬ 
firmed  that  the  aluminum  complex  has  a  1  ;1  composition,  but  they  represented  die  reaction  product  differently; 
no  data  were  presented  on  its  instability  constant.  In  die  recently  published  work  of  Serdyuk,  ct  al.  [9],  it  was 
concluded  diat  there  are  two  beryllium  —  aluminon  complexes  with  1:1  (at  pll  5)  and  3:1  (at  pH  7)  compositions. 
There  is  no  proper  confirmation  of  tiiis  fact  in  die  work  as  there  are  no  data  on  the  properties  of  die  reagent  it¬ 
self.  Thus,  the  problem  examined  requires  investigation  and  we  consider  diat  this  should  begin  with  a  study  of 
aurintricarboxylic  acid  itself. 

1.  Changes  in  aurintricarboxylic  acid  connected  with  a  change  in  the  solution  pH.  With  a  change  in  pH, 
the  dye  studied  clianged  color  several  times;  dierefore,  optical  investigation  methods  were  very  convenient  in 


*  Work  reported  at  the  Eighth  Conference  on  the  Chemistry  of  Complex  Compounds  (Kiev,  May,  1959). 
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tliis  case.  Preliminary  experiments  showed  the  following:  a)  at  pH  <  3  the  dye  precipitated  practically  com¬ 
pletely;  the  supernatant  solution  had  a  weak  yellow  color;  b)  at  pH  3.5-5,  the  dye  acquired  a  pink-red  color 
and  die  absorption  curve  had  a  maximum  at  X  =  515  mp;  c)  over  the  range  pH  6-11,  the  dye  had  only  a 
weak  bright  yellow  color;  d)  at  pH  12,  tlie  dye  became  ted- violet  widi  X  :  the  color  had  a 

tendency  to  fade  widi  time  and  turn  yellow;  at  pH  13-13.5  the  initial  red  color  also  weakened  slightly,  but 
did  not  disappear  completely;  e)  tlte  dye  was  almost  completely  decolorized  in  strongly  alkaline  solution 
corresponding  to  6-8  N  NaOH, 

Tlie  absorption  curves  for  forms  b,  c,  and  d  of  the  dye  are  given  in  Fig.  1.  The  change  in  optical 
density  at  X  =  520  mp  witlt  changes  in  pH  are  shown  in  Fig.  2. 


D 


Fig.  1.  Optical  density  curves  for  aurin- 
tricarboxylic  acid  solutions  at  the  follow¬ 
ing  pH  values:  b)  4.35;  c)  7.0;  d)  13.6; 
and  also  for  the  beryllium  complex  C  at 
pH  4.35.  (Tile  dye  concentration  and 
layer  tliickness  for  which  the  values  are 
given  are  c  =  1  •  10"®  M  and  I  =  0.5  cm). 


d 


Fig.  2.  Change  in  optical  density 
of  aurintricarboxylic  acid  solution 
at  X  =  520  mp  in  relation  to  pH. 
(The  dye  concentration  and  layer 
thickness  for  which  the  values  are 
given  are  c  =  1  •  10"®  M  and 
I  =  1.0  cm). 


According  to  the  theory  of  Dilthey  [lOj,  triarylmetliane  dyes  become  deeper  in  color  when  the  quinoid 
grouping  disappears  from  them  and  a  triarylcarbonium  ion  appears.  Thus,  1.  S,  Ioffe  [11]  explained  the  deeper 
color  of  acid  and  alkaline  solutions  of  aurin  and  some  of  its  derivatives  in  comparison  with  the  color  of  a 
neutral  solution  by  tliese  processes. 


Oil  Oil 

in 


^6/ 


I+  OH  OH  OH  0 


pH  <7 
Red 


pH  7 
Yellow 


o-  I 

pH  >7 
Red-violet 


He  ascribed  the  complete  decolorization  of  the  dye  in  strongly  alkaline  solution  to  the  formation  of  a 
colorless  carbinol  derivative,  which  could  arise  only  at  an  extremely  high  concentration  of  hydroxyl  Ions, 
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Similar  opinions  are  held  by  a  number  of  audiors  [8,  12,  13]. 

Analogous  considerations  may  be  used  to  explain  the  processes  mentioned  above,  vdiich  occur  when  a 
solution  of  aurintricarboxylic  acid  is  gradually  made  alkaline.  The  scheme  which  seems  most  probable  to  us 
is  presented  below. 
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In  this  scheme  tlte  most  deeply  colored  substances  b  and  d  correspond  to  structures  containing  a  trlphenyl- 
carbonlum  ion;  tlie  otliers  have  a  quinoid  structure  or  are  derivatives  of  trlphenylcarbinol.  It  seems  to  us  that 
the  change  from  a  to  b  is  connected  with  almost  simultaneous  dissociation  of  two  carboxyl  groups  as  they  are 
in  different  nuclei  and  cannot  affect  each  other  appreciably.  In  any  case,  tliese  successive  stages  of  the  dissocia¬ 
tion  cannot  be  distinguished  by  optical  metliods.  Judging  by  the  ver)'  wide  range  of  its  existence,  form  c 
apparently  corresponds  to  two  successive  stages,  which  cannot  be  distinguished  optically  either.  Forms  "b", 

"c",  and  "d"  are  most  interesting  for  analytical  purposes.  A  study  of  these  forms  and  also  their  interconversions 
was  tlie  purpose  of  the  first  stage  of  our  investigation. 

Anrintricarboxylic  acid  was  first  purified.  It  was  dissolved  in  alkali  and  precipitated  witli  hydrochloric 
acid  and  the  precipitate  collected  by  filtration,  washed  with  water  and  then  an  alcohol-ether  mixture,  and  dried 
at  25*.  All  the  liquids  used  in  the  work  were  first  filtered  carefully.  The  optical  density  was  measured  on  a 
UM-2  monochromator.  The  solutions  were  not  tliermostatted.  Tlie  absorption  temperature  was  20  ±  1*. 

The  data  used  for  constructing  the  curve  in  Fig.  2  were  obtained  as  follows.  A  dye  solution  of  known 
concentration  was  mixed  witli  an  equal  volume  of  buffer  mixture  (simply  witli  alkali  solution  for  high  pH  values), 
the  pH  value  checked  witli  a  hydrogen  or  glass  electrode,  and  tlien  the  steady  optical  density  at  X  =  520  mji 
measured  (in  some  cases  it  was  necessary  to  wait  for  up  to  2  days).  These  data  ate  presented  in  Table  1, 


TABLE  1 

Change  in  Optical  Density  of  Anrintricarboxylic  Acid  Solution 
At  X  =  520  mq  in  Relation  to  tlie  pll  Value 


Expt. 

No. 

pi! 

D 

Expt. 

No. 

pH 

D 

EQII 

found 

calc. 

1 

3.40 

o.oo 

0.87 

11 

12.83 

0.02 

003 

O.O') 

0.57 

0.02 

12 

13.12 

0.04 

0.07 

3 

4..51 

0.40 

0.36 

13 

13.22 

0.05 

0.08 

4 

4.!l() 

0.27 

0.24 

14 

13.51 

0.10 

0.12 

n 

.5.1  in 

0.12 

0.17 

15 

13.62 

0.14 

0.14 

H 

(i.74 

0.07 

0.10 

16 

13.78 

0.20 

0.18 

7 

7.12 

0.07 

— 

17 

13.92 

0.28 

— 

8 

8.30 

0.06 

— 

18 

13.97 

0.33 

— 

u 

0.56 

0.05 

— 

10 

14.40 

0.27 

— 

10 

10.72 

0.03 

— 

Footnote.  In  Experiments  1-10, 1  =  1  cm  and  cjye  =  2,25*  10"^  M; 
in  Experiments  11-19,  Z  =  0.1  cm  and  cjyg  =  1  •  10‘*  M. 

N.  P.  Komar'  [14]  proposed  a  metliod  for  calculating  the  molar  extinction  coefficients  and  the  acid 
dissociation  constants  of  dyes  witli  indicator  properties  from  tlie  data  of  optical  measurements  on  solutions  of 
these  dyes  at  different  pH  values.  By  applying  die  formulas  he  derived  to  the  data  in  the  first  part  of  Table  1, 
we  found  the  following  mean  values:  6520  (form  b)  =  4650  ±  400;  C520  c )  =  650  ±  100;  K2  (transition 
b  :?ic)  =(1.3  ±  0.5)*  10”*.  It  was  not  possible  to  apply  the  same  formulas  to  die  data  in  the  second-half  of  the 
table  as  too  sharp  an  increase  in  the  optical  density  with  comparatively  small  changes  in  pH  resulted  in  us  ob¬ 
taining  almost  identical  values  which  had  to  be  subtracted  one  from  die  other  and  this  produced  such  great 
enors  in  the  differences  that  die  calculation  results  were  completely  unreliable.  For  this  reason,  the  values  of 
€520  (form  d)  and  K4  (transition  c  ^itd),  wiiich  interested  us,  were  determined  approximately  from  the  limiting 
value  of  the  optical  density  in  Experiment  18  and  using  the  fact  that  the  rising  section  of  the  curve  in  Fig.  2 
lies  within  the  limits  of  the  pH  values  12.83  -  13.97  and  is  quite  symmetrical;  this  made  it  possible  to  consider 
PK4  as  equal  to  the  pH  at  which  the  optical  density  reaches  half  of  the  limiting  value.  It  was  found  that  €520  (d) 
0  33 

=  Q  2  .*10-^  “  ^4  ~  2*10"^*.  Together  with  the  experimental  values  of  the  optical  density.  Table  1 

gives  values  calculated  by  means  of  the  constants  derived;  their  agreement  may  be  considered  satisfactory, 

Babko  [7]  found  the  value  8«10"^  for  K4,  but  this  is  much  further  from  agreement  with  our  experimental  data. 
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II.  Reaction  of  auriiitricarboxylic  acid  with  berv’llium  salts.  A)  In  tlie  acid  region.  Preliminary 
experiments  showed  that  when  a  beryllium  salt  was  added  to  an  aurintricarboxylic  acid  solution,  over  tlte  pH 
range  4-7  tlie  optical  density  of  the  mixture  increased  considerably  for  all  wavelcngdis  and  die  absorption 
maximum  was  displaced  from  515  to  520  mp.  Tliis  demonstrated  an  interaction  between  die  components  of 
die  mixture  and  appeared  externally  as  a  change  in  the  dye  color  from  pink  or  yellow  to  bright  red.  Careful 
experiments  sliowed  that  over  die  pll  range  4-8.5,  the  reaction  product  had  a  constant  absorption  curve  widi  a 
constant  maximum.  This  indicated  that  a  single  complex  exists  under  diese  conditions,  contrary  to  die  con¬ 
clusions  of  L.  Serdyuk  L9J  and  made  it  possible  to  use  appropriate  methods  of  determining  composition,  which 
were  developed  for  die  study  of  one  complex.  The  relation  between  die  complex  yield  and  die  solution  pH  is 
illustrated  in  Fig.  8,  which  shows  diat  die  highest  value  of  AD,  which  is  linearly  related  to  die  amount  of 
complex  formed,  corresponds  to  pH  4;  however,  at  diis  pH  the  solutions  were  unstable  and  tended  to  deposit  a 
precipitate,  lliercfore,  it  was  decided  to  study  complex  formation  at  pH  4.35;  die  wavelcngdi  chosen  was 
X  =  520  mp,  corresponding  to  die  absorption  maximum  of  die  complex. 

Tests  of  a  whole  scries  of  buffer  mixtures  (citrate,  acetate,  Trilon,  etc.)  showed  that  to  a  certain  extent 
diey  all  reacted  with  beryllium,  decreasing  die  optical  density  of  die  systems  studied.  Tlierefore,  for  all  the 
solutions,  the  chosen  pH  value  was  established  by  die  introduction  of  small  amounts  of  acid  or  alkali,  wliich 
was  quite  rapid,  especially  when  a  glass  electrode  was  used. 


TABLF  2 


Values  of  AD  =  D  -  Dj  Obtained  at  a  Constant  Dj^e 
Concentration  of  6  •  10"®  M,  which  Corresponds  to 
Dfl  =  0.12  and  Varying  Beryllium  Concentrations 
(X  =  520  m/I ,  pH  4.35,  I  =  1  cm) 


*^80  .lO*^ 

AD 

Difference 

exptl. 

calc. 

08 

0.02 

0.02 

0.00 

1.6 

0.0.3 

0.04 

-f-0.01 

2.4 

0.07 

0.0!> 

1  0.02 

4.0 

0.10 

0.10 

0.00 

6.0 

0.13 

0.12 

—0.01 

8.0 

n.is 

0.14 

-0.0 '( 

24.0 

0.22 

0.23 

+0.01 

40.0 

0.2.3 

0.23 

0.00 

60  0 

0.26 

0.26 

0.00 

800 

0.27 

240.0 

0.28 

400.0 

0.30 

600.0 

0.30 

Fig.  3.  Relation  between  complex 
yield  (AD)  and  pH  (cgj,  =  1  •  10“^  M, 
Cdye  =  2*  10"^  M,  X  =  520  mp,  and 
the  layer  thickness  is  adjusted  to 
I  =  0.3  cm). 


Tlie  composition  of  the  compound  formed  was 
determined  by  the  slope  method  of  Harvey  and  Manning 
[15j,  which  was  previously  shown  to  be  applicable  to 
systems  containing  more  dian  one  colored  component 
[16].  The  results  obtained  are  illustrated  in  Fig.  4,  which 
shows  that  the  slopes  of  the  two  lines  are  practically  die  same,  establishing  the  ratio  of  die  coefficients  in  the 
complex- formation  reaction  as  i  :1.  It  should  be  noted  that  a  second,  independent  method  of  determining  die 
composition  of  die  complex,  based  on  an  analytical  investigation  of  the  saturation  curve  [20],  led  to  die  same 
conclusion  on  die  composition. 

Tlie  results  of  a  series  of  experiments  which  may  be  used  to  construct  a  saturation  curve  are  given  in 
Table  2;  diis  table  also  gives  die  values  of  AD  calculated  from  the  approximate  hyperbolic  equation  (y  =  AD, 

X  =Cgj.‘10®),  8.6  y^+  2  *(8.0  +  x)‘y  —  0.6  x  =0,  obtained  from  the  experimental  data  by  the  method  of  least 
squares,  llie  completely  satisfactory  agreement  of  die  experimental  and  calculated  data  demonstrates  die 
hyperbolic  nature  of  die  saturation  curve,  which,  in  its  turn,  indicates  die  absence  of  stepwise  complex  formation, 
llie  limiting  optical  density  (Djjj^)  reached  in  die  experiments  makes  it  possible  to  determine  directly  die 
molar  extinction  coefficient  of  die  complex. 


D 


lim 


(c)  —  /  .  c 


dye 


0.42 

r.(i  .  ItF^' 


7000. 
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With  the  composition  of  the  complex  established,  it  is  possible  to  write  provisionally  for  tire  complex- 
formation  process:  D)'e  +  Be  Complex  and  on  tliis  basis,  tire  following  expression  may  be  used  for  calculating 
tile  provisional  (with  an  accuracy  up  to  one  factor)  instability  constant  of  tlie  complex: 

f,-  _  -^)(Cdve-^) 

inst  * 

Tlie  value  of  x,  i.e.,  the  equilibrium  concentration  of  the  complex,  which  is  required  for  the  calculations, 
is  readily  found  from  the  experimental  data  in  Table  3  by  means  of  Beer's  Law 

AD 

^  =  /(tc  -O’ 


where  AD  =  D  -  Dg,  i.e.,  the  deviation  of  the  optical  density  from  tlie  additive  value,  I  is  die  layer  thickness, 
€c  is  the  molar  extinction  coefficient  of  the  complex  =  7000  and  7  is  die  molar  extinction  coefficient  of  die 

0  12 

dye  at  pll  4.35,  which  equals  - - - b —  =  2000. 

^  ^  1.6*  10'® 


JP 


Fig.  4.  Data  for  determining 
the  composition  of  die  com¬ 
plex  by  the  slope  method,  l) 

First  series:  Cg£=  const  = 

=  6»10"®M;  2)  second  series: 
Cdye=  const  =6»10"^M;  X  = 

=  520  m/i,  pH  4.35,  I  =1.0  cm. 


Fig.  5.  Distribution  of  total 
beryllium  concentration 
between  different  forms  of 
particles  In  relation  to  pH, 
1)  BeOH+;  2)  803(01)9’+; 
3)  Be’+;  4)  80901’+. 


The  instability  constant  calculated  in  this  way  for  beryllium  concentrations  varying  over  the  range  8  •  10"* 
to  6»10”*  M  was  found  to  be  very  steady  and  equal  to  (6.1  ±  0.3)  •10"’  (average  of  9  values).  It  seems  to  us 
that  die  stability  of  die  constant  demonstrates  the  absence  of  stepwise  complex  formation  under  the  experimental 
conditions  and  die  accuracy  of  the  cpmposition  established  for  the  complex,  'fhe  constant  is  provisional  as  the 
values  of  (05^  -  x)  and  (cjyg  -  x)  in  die  calculations  were  taken  for  equal  equilibrium  concentrations  of 
particles  forming  the  complex,  while  at  constant  pH,  in  diis  case  there  is  no  equality,  but  only  proportionality; 
diis  can  be  eliminated  when  the  form  of  the  particles  constituting  the  complex  has  been  determined. 

Tlie  great  similarity  of  the  absorption  curves  of  die  dye  and  die  complex  at  die  pH  values  of  4-4.5  in¬ 
dicates  diat  the  doubly  charged  dye  anion  (form  b)  participates  in  complex  formation.  Forms  c  are  eliminated 
as  they  are  almost  colorless  and  could  hardly  give  a  colored  complex  with  beryllium,  which  has  no  chromophotic 
action.  If  beryllium  combined  with  form  d,  which  exists  in  an  extremely  alkaline  medium,  then  the  optimal 
yield  of  complex  would  correspond  to  some  intermediate  pH  value,  for  example,  6-8,  which  is  not  in  agreement 
with  experimental  data  (see  Fig.  3).  Thus,  form  d  is  also  eliminated. 

The  form  of  die  beryllium  particles  is  a  mote  complex  problem  as,according  to  available  literature  data, 
in  acid  solutions  beryllium  exists  in  at  least  four  forms.  The  relation  between  these  is  given  by  the  following 
expressions: 
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UeOH+  ne2+  +  0H-,  A' =  5  •  10-i‘ |*^J 
nPzOll'’^  2Bc2*  +  OH-,  A'  =  3.  lO-uiiaj 
llc;, (011)33+  3De2+4-30H-,  A'  =  5  •  10-32(10) 

By  using  this,  it  is  possible  to  calculate  the  ratio  between  the  concentrations  of  the  particles  for  any  pH 
value.  The  change  in  die  ratio  in  relation  to  pH  is  shown  in  Fig.  5.  Tliis  shows  that  die  relative  concentration 
of  BeOH"*^  and  Be3(QI^'*’  ions  increases  over  die  pH  range  4-5  and  therefore  diey  cannot  be  considered  as 
components  of  the  complex  as  in  diis  case  die  curve  of  die  complex  yield  would  have  a  maximum.  In  actual 
fact,  dlls  curve  (Fig.  3)  falls  monotonically  and,  therefore,  it  is  necessary  to  choose  between  Be*'*'  and  Be20H*'*' 
ions,  whose  relative  concentration  also  falls  monotonically.  We  finally  arrive  at  the  Be*'*'  ion  as  calculation  for 
die  reaction 


Be20H®^  +  2  Dye  complex. 


wliich  follows  from  die  established  component  ratio  of  1:1,  gives  a  constant  with  considerable  variation.  Tims, 
die  complex- formation  reaction  is  most  probably  represented  as  follows: 


OH  Oil 


-f-  He2+ 


IK  .no+ 

Y  ^ 


\ 

\ 


/\ 

I  Jc.oo- 

OH 


This  representation  assumes  die  formation  of  an  uncharged  particle.  In  actual  fact,  die  colored  complex 
did  not  move  at  all  in  an  instrument  for  studying  ion  transference. 


TABLE  3 

Weakening  of  Aluminum 
Color  with  the  Addition  of 
Beryllium  Salt  in  die 
Alkaline  Region  (pH  13.6, 
X  =  545  nifi,  cjye  = 

=  5*10“*  M,  Do  =  0.39, 

I  =  0.3  cm) 


CBe  •  ‘O' 

.\D=  Dt~  D 

1.0 

0.00 

2.5 

0.05 

4.0 

0.09 

5.0 

0.12 

7.4 

0.15 

10.0 

0.22 

20.0 

0.32 

Calculations  show  diat  at  pH  4.35  die  doubly  charged  dye  anion,  which 
is  necessary  for  complex  formation,  represents  0.26  of  die  total  concentration 
of  free  dye  (considering  die  equilibrium  between  forms  b  and  c ).  Considering 
the  equilibria  from  [19],  [17],  and  [18],  it  is  possible  to  establish  that  at  the 
same  pH  value  die  concentration  of  simple  Be*'*’  ion  is  0.09  of  die  total  amount 
of  beryllium.  If  we  now  multiply  the  values  (c^jyg  —  x)  and  (cg^  -  x)  by  0.26 
and  0.09,  respectively,  they  will  represent  die  equilibrium  concentrations  of  die 
particles  forming  die  complex  studied,  die  true  Instability  constant  of  which  is 
then  found  to  equal  (1.4  ±  0.l)*10"®.  Tlie  activity  coefficients  ate  taken  to 
equal  unity,  as  is  customarily  done  for  sufficiently  dilute  solutions. 

B.  In  the  alkaline  region.  When  a  beryllium  salt  is  added  to  an  alkaline 
solution  of  aluminon,  die  color  of  the  latter  is  weakened,  but  the  optical  density 
curve  retains  its  previous  form  and  die  maximum  is  unchanged  at  X  =  545  mp. 
Corresponding  data  ate  presented  in  Table  3.  llie  beryllium  apparently  reacts 
widi  the  weakly  colored  form  c  and  gives  an  almost  colorless  complex,  due  to 
which  die  equilibrium  of  die  dye  is  displaced  toward  a  decrease  in  die  colored 
form  d.  Tlierefore,  die  degree  of  decolorization  may  be  a  measure  of  die 
amount  of  colorless  complex  formed.  However,  niadiematical  treatment  of 
die  data  in  Table  4  showed  that  with  the  provisional  limiting  value  AD  =  0.39, 
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die  saturation  curve  could  not  be  described  satisfactorily  by  a  hyperbola  of  the  second  order.  Tliis  indicates 
die  great  complexity  of  die  processes  occurring  here  in  comparison  widi  the  acid  region;  it  is  possible  that 
step-wise  complex  formation  occurs  here.  The  complexity  of  the  process  is  also  shown  by  die  extreme  slow¬ 
ness  wldi  which  equilibrium  is  established  both  in  pure  dye  solutions  and  in  mixtures  of  diem  with  beryllium, 
as  48  hours  is  often  required  for  diis.  It  is  possible  diat  in  this  case  die  processes  are  not  purely  ionic.  There¬ 
fore,  the  study  of  diis  system  presents  considerable  difficulties.  On  the  other  hand,  die  reaction  examined 
in  die  alkaline  region  can  hardly  be  considered  for  analytical  use  as  it  would  involve  extremely  accurate 
stabilization  of  die  pH  (Tables  1  and  2  sliow  that  the  optical  density  increases  by  a  factor  of  6-7  over  die 
narrow  working  range  of  pH  values  from  13,2  to  14.0),  causing  unjustifiable  technical  difficulties.  In  view 
of  dicse  considerations,  we  will  limit  ourselves  to  stating  that  diere  is  undoubted  interaction  of  a  beryllium 
salt  and  aluminon  at  pH  13.5,  widiout  a  detailed  investigation  of  it. 


SUMMARY 

1.  Tlie  behavior  of  aurintricarboxylic  acid  over  the  pH  range  4-14  was  studied.  The  acid  dissociation 
constants  were  calculated  and  also  the  molar  light  absorption  coefficients  at  X  =  520  m^  for  die  anions.  It 
was  observed  diat  the  color  of  freshly  prepared  all<aline  solutions  of  the  dye  weakened  with  time. 

2.  Over  the  pH  range  of  4-6  and  quite  a  v/ide  range  of  beryllium  concentrations  there  was  only  one 
complex  witit  aurintricarboxylic  acid  with  a  1:1  composition, and  its  structure  was  established, 

3.  Over  die  pH  range  of  13-14  dicre  was  also  interaction  of  beryllium  widi  the  dye,  but  this  was  not 
studied  in  detail  due  to  die  low  probability  of  its  application  in  analysis. 

4.  Tlie  complex  formed  in  an  acid  medium  may  be  used  both  for  objective  photometric  determinations 
at  pH  4.3  and  for  visual  determination  at  pH  6-7. 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1334-1336,  April,  1960 
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The  action  of  stannic  chloride  on  a  solution  of  glycine  in  anhydrous  acetic  acid  yielded  the  complex 
compound  SnCl^*  2NH2CH2COOH  •  2CHjCOOH  [1].  Tlie  same  complex  compound  was  obtained  by  the  addition 
of  two  molecules  of  CH3COOH  to  the  complex  acid  SnCl4*  2Nn2GH2CGCii; "Cryoscopic  measuiements  of  die 
molecular  weight  of  the  compound  SriCl4*  21'JH2CH2COOll  •  2CH3COOH,  carried  out  in  CH3COOH,  showed  that 
the  molecular  weight  found  was  of  that  for  the  formula,  i.e.,  the  compound  dissociates  into  three  ions.  On 
the  basis  of  tliese  data,  the  hypotliesis  was  put  forward  that  the  mixed  complex  compound  is  the  product  of 
acid  — base  Interaction  of  die  complex  acid  SnCl4*  2NH2CH2COOH  with  CH3COOH  and  that  the  latter,  which 
has  clearly  expressed  basic  properties,  adds  to  the  outer  sphere  [IJ,  In  other  words,  the  compound  SnCl4* 

•  2NH2CH2COOH  •  2CH3CC)0H  was  assigned  the  structure  [SnCl4  (NH 2CH 2000)3]  ~~  •  2CH3COOH2‘’'. 

Wishing  to  check  this  hypothesis,  we  decided  to  study  the  transference  of  ions  in  solutions  of  SnCl4* 

•  2NH2CH2COOH  •  2CHsCOOH  in  acetic  acid  with  the  aid  of  the  labeled  preparations  NH2CH2C*  OOH  and 
CH3C*  OOH,  We  expected  that  under  the  action  of  an  electric  cunent  die  glycine  present  in  the  anion  [SnCl4* 

•  (NH2CH2C00)2]"'  would  move  to  the  anode  and  CHsCOOH,  to  the  cathode. 


EXPERIMENTAL 

SnCl4,  CH3COOH,  and  NH2CH2COOH  were  purified  as  described  previously  [1].  The  glycine  and  acetic 
acid  labeled  with  the  isotope  were  not  purified. 

The  experiments  were  carried  out  in  an  electrolyzer  consisting  of  three  spaces,  separated  from  each  other 
by  thick  glass  diaphragms  [2].  The  experiments  were  as  follows.  We  first  prepared  die  complex  acid  SnCl4* 

•  2NH2CH2COOH  in  which  die  glycine  contained  die  isotope  C^.  A  solution  of  SnC  14*  2NH2CH2COOH  in  acetic 
acid  was  poured  into  the  central  space  of  the  electrolyzer.  The  cathode  and  anode  spaces  were  filled  with 
solutions  of  the  complex  acid  in  acetic  acid  of  die  same  concentration,  but  which  did  not  contain  radioactive 
carbon.  After  electrolysis,  the  radioactivity  in  samples  of  anolyte  and  cadiolyte  was  determined  by  the  pro¬ 
cedure  in  [3].  We  electrolyzed  a  solution  containing  3  mole  %  of  the  complex  acid  SnCl4  •  2NH2CH2COOH. 

A  platinum  cathode  and  a  silver  anode  were  used.  The  results  of  riiese  experiments*  are  given  in  the  table 
(cunent  strength  1-10  ma,  50*). 

The  data  presented  show  that  under  the  action  of  an  electric  current,  the  glycine  moved  to  die  cathode, 
i.e.,  was  present  in  die  cation.  Thus,  from  these  experiments  it  follows  that  rH3COOH  displaces  glycine  into 
the  outer  sphere  of  the  complex. 


*  The  concentration  of  labelled  glycine  was  increased  successively  in  experiments  1,  2,  and  3. 
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Experiment 

No. 

Expt.  dura¬ 
tion  Oirs) 

Amt.  of  electricity 
(in  coulombs) 

Activity  in  counts/min 

anolyte 

cadioiyte 

1 

5 

180 

5 

135 

2 

23 

60 

2 

65 

3 

n 

60 

13 

130 

DISCUSSION  OF  RESULTS 

In  die  work  of  one  of  us  and  E.  Yarmukliamedova  [1],  the  hypothesis  was  put  forward  diat  during  the 
solution  of  the  complex  acid  SnCl4  •  2NH2CH2COOH  in  CU3COOH,  die  latter  adds  in  die  outer  sphere  as  an 
oxoniuni  base  to  form  a  complex  compound,  namely,  die  electrolyte  [SnCl4(NH2CH2COO)2j  (013000112)2. 

A  study  of  die  transference  of  ions  in  solutions  of  SnCl^*  2NU2Cil2COOH  in  CH3COOH  showed  that  this 
compound  has  die  structure  [SnC^  (013000)2 ]  (NIl3Cll2COOII)2,  i.e.,  during  the  formation  of  the  compound, 
the  glycine  is  displaced  by  die  acetic  acid  into  die  outer  sphere  of  die  complex.  This  displacement  probably 
proceeds  due  to  partial  dissociation  of  die  complex  acid  SnCI^*  2NII2CH2COOII  to  die  components  and  the 
formation  in  OI3COOII  of  anodier  complex  acid  SnCl^*  2CH3COOII,  which  adds  die  displaced  glycine  in  die 
outer  spliere.  Tlierefore,  die  equilibrium  is  displaced  toward  the  formation  of  die  reaction  product  of  die  com¬ 
plex  acid  SnCl^  •  2CII3COOII  and  glycine. 

Out  experiments  on  die  electrolysis  of  solutions  of  die  complex  acid  SnCl,j  •  2CII3COOII  in  acetic  acid 
to  which  glycine  liad  been  added  (in  die  molecular  ratio  SnCl^*  2CH3C(X)H  :Nll2Cll2CC)OH  =  1  :l)  showed 
diat  the  QI3COOII  labeled  widi  the  isotope  was  transferred  predominantly  to  die  anode,  i.e.,  it  was  present 
in  die  anion.  Tlicse  experiments  show  that  glycine  does  not  displace  CH3C(X)iI  from  the  inner  sphere. 

The  compound  tSnCl4(Ql3C(X))2]  (NU3CIl2C(X)H)2  is  formed  not  only  by  displacement  of  glycine 
molecules  from  die  inner  sphere  by  acetic  acid,  but  also  by  the  action  of  stannic  chloride  on  a  solution  01 
glycine  in  CII3COOII.  The  reaction  apparently  proceeds  in  the  following  way: 

1)  2N}l2Cn2COOIl  -}  2CTl3COOn^l2NH3C^Io^,OOH•^-|-CII3COO- 

2)  2Cn3COO--f  SnCI^  SnCl,(CIl3COO)2-- 

2NH7^fl ,(X)(^  1 1  -I-  2Cll3C(T(Tll  -  I-  SiiCl,  (SnCr(CH3COO)2r-  -4- 
-|-2Nii3(;n,(;.()OH^ 


Thus,  our  experiments  on  die  transference  of  ions  show  that  regardless  of  the  method  of  preparation  of 
the  complex  compound  with  the  gross  composition  SnCij*  2CH3CCX)H»  2NH2CH2CC)OH  ,  the  acetate  anions 
enter  die  inner  sphere  and  die  glycine  adds  in  die  outer  sphere,  i.e.,  die  compound  has  the  stmeture 
[SnCl4  (013000)2)  (NU3CH2C00II)2. 


SUMMARY 

1.  Tlie  transference  of  ions  in  solutions  of  die  compound  SnCl4*  201300011*  2NII20H2000H  in  acetic 
acid  was  studied.  It  was  established  that  glycine  labeled  widi  the  isotope  O^  is  transferred  to  die  cathode, 
i.e.,  is  present  in  die  cation.  OH3OOOH  labeled  widi  die  isotope  O^  is  transferred  predominantly  to  the 
anode,  i.e.,  is  present  in  the  anion. 

2.  It  was  shown  diat  the  complex  compound  studied  has  die  following  structure;  [SnOl4  (013000)2] 
(NH30H2000H)2+. 
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INVESTIGATION  OF  AROMATIC  COMPOUNDS  WITH  A 
LONG  SIDE  CHAIN 

IV.  PREPARATION  OF  NITRO  AND  AMINO  DERIVATIVES  OF  4-TERT-BUTYL-, 
4-ISOOCTYL-,  AND  4- (a,a-DIMETHYLBENZYL)- PHENOL 

L,  N.  Nikolcnko,  E,  N.  Karpova,  G.  N.  Vorozhtsov, 

V.  A,  Sergeev,  and  M.  E.  Ivanova 

D.  I.  Mendeleev  Moscow  Cheniicotechnological  Institute 

Translated  from  Zhurnal  Obslichei  Kliimii,  Vol.  30,  No.  4,  pp.  1336-1339,  April,  1960 
Original  article  submitted  April  13,  1959 


In  recent  years  some  alkylphenols  have  found  application  as  intermediates  in  dye  synthesis.  It  seemed 
interesting  to  use  for  tliis  purpose  p-tert- butyl-  (la)  and  p-isooctylphenol  (Ib)  and  2-(p-hydroxyphenyl)-2-phenyl 
propane,  i.e.,  4-(a,a-dimethylbenzyl)- phenol  (Ic),  which  are  produced  in  large  amounts  in  industry  [IJ. 

^011;  (la)  n=r(Clln)rA  (lb)  H  =  (Oil;, )3<T.ll2(:(r,l  13)2, 

(TT” 

(Ic)  11  =  .'^  ^-qciij)^ 

The  most  interesting  products  obtained  from  these  phenols  are  2- amino- 4- alkylphenols  (II)  and  2-amino- 
4*-alkyldiphenyl  ethers  (III). 

<Z>°" 

N1I2  N1I2 


Nitro  derivatives  of  phenol  homologs  may  be  obtained  by  nitration  of  tlie  corresponding  phenols  witli  dilute 
nitric  acid  in  an  organic  solvent  [2],  We  nitrated  tert-butyl-,  isooctyl-,  and  dimetliylbcnzylplienols  with  28.5% 
nitric  acid  in  benzene  at  10-15".  Tlic  yield  of  nitro  compound  reached  79-84%. 

Nitro- substituted  derivatives  of  diphenyl  ether  were  obtained  by  reaction  of  potassium  phenolates  witli 
o-nitrochlorobenzene  at  160-170*  in  the  presence  of  copper  as  catalyst  [3].  Reducing  tire  reaction  temperature 
to  105"  witli  a  simultaneous  increase  in  tlie  reaction  time  from  4-5  hours  to  50  hours  and  carrying  out  tlie  process 
in  the  absence  of  copper,  as  recommended  in  tlie  literature  for  2-nitrodiphenyl  ether  [4j,  led  only  to  a  fall  in 
the  yield  of  2-nitro-4'-butyl-  and  2-niiro-4*-(a,a-dimciliylbenzyl)-diphenyl  ctlier  from  80-86  to  40%.  Attempts 
to  replace  metallic  copper  by  copper  sulfate  did  not  lead  to  tlie  desired  results  eitlier. 

Nitro  compounds  are  readily  reduced  to  amines  by  iron  filings  in  electrolytes.  However,  by  tliis  method 
we  were  able  to  reduce  only  Uie  nitro  compounds  obtained  from  p- ten- butyl-  and  p-isooctylphenols.  Tlie  nitro 
derivatives  of  2-(p-hydroxyphenyl)-2-phenylpropane  [2-nitro-4-(a,a-dimetliylbenzyl)-phenol  and  2-nitro-4*- 
(a,a-dimetliylbcnzyl)- diphenyl  etlierj  could  not  be  reduced  in  any  appreciable  yields  by  iron  filings  alone  or 
by  zinc,  tin,  or  stannous  chloride  in  an  acid  medium.  Tliey  could  be  reduced  in  high  yields  by  hydrogen  in 
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alcohol  over  Raney  nickel  at  normal  pressure  and  room  temperature.  We  also  reduced  die  derivatives  of  p-tert- 
butyl-  and  p- isooctyl  phenols  and  die  nitro  derivatives  of  dieir  phenyl  ethers  by  diis  method.  The  catalytic 
reduction  proceeded  smoothly  and  was  normally  complete  in  1-2 hours.  This  gave  high-quality  amines  In  good 
yields. 


EXPERIMENTAL 

Nitration,  into  a  three- necked  flask  with  a  stirrer  and  thermometer  were  placed  0.3  mole  of  p-alkyl- 
phenol  and  150  ml  of  benzene.  The  solution  was  cooled  to  10-15*  and  over  a  period  of  3  hours,  I  mole  of 
nitric  acid  as  a  28.5*70  solution  was  added  dropwise  with  vigorous  stirring.  The  mass  was  stirred  at  this  tempera¬ 
ture  for  anodier  hour.  The  benzene  layer  was  then  separated  from  die  aqueous  solution,  the  solvent  removed 
and  die  nitro  compound  purified  eidier  by  vacuum  distillation  or  by  recrystallization  from  alcohol. 

2-  Nitro-4- tert- butyiphenol  formed  yellow  prisms  widi  m.  p.  26-26.5"  and  b,  p.  115-116*  (8  mm); 
the  yield  was  79*7o. 

Found  *70:  N  7.46,  7.39.  C10II13O3N.  Calculated  N  7.14. 

2-Nitro-4-isooctvlphenol  formed  a  slightly  yellowish  liquid  with  b.  p.  146-148*  (5  mm);  the  yield  was 

83*70. 

Found  *7o:  N  5.54,  5.52.  Cj4H2i03N.  Calculated  %:  N  5.58. 

2-NiTro-4-  (a,«-dimedtylbenzyl)- phenol  formed  yellow  prisms  with  m.  p.  94.5-95.5*;  the  yield  was 
84*7o.  According  to  data  in  [2j;  b.  p.  145°  (15  mm). 

Found  *7o:  N  5.73,  5.84.  C15H15O3N.  Calculated  <7o;  N  5.45. 

Preparation  of  o-nitrodiphenyl  edicts.  Into  a  three- necked  flask  with  a  stirrer,  air  condenser,  and  dropping 
funnel  was  placed  0.1-0.2  mole  of  alkylphenol.  The  phenol  was  heated  to  150-160*  and  with  vigorous  stirring 
we  added  0.05-0.15  mole  of  solid  potassium  hydroxide  and  0.1- 0.2  g  of  copper  catalyst,  obtained  by  precipitation 

of  copper  with  zinc  dust  from  copper  sulfate  solution.  The  mixture  was  heated  until  the  alkali  dissolved  com¬ 

pletely.  Tlten,  over  a  period  of  1-2  hours,  0.1- 0.2  mole  of  molten  o- nitrochlotobenzene  was  added  to  the  melt 
dropwise  (possible  frodiing).  When  all  die  nitrochlorobenzene  had  been  added,  the  mass  was  stirred  at  160-170* 
for  a  furdier  5-7  hours  and  dien  poured  into  400-600  ml  of  4-5*70  sodium  hydroxide  solution.  The  nitrodiphenyl 
'edier  was  extracted  widt  benzene  or  edier  and  the  extract  washed  with  a  solution  of  sodium  hydroxide  and  water. 
The  solution  was  dried  over  magnesium  sulfate,  the  solvent  removed,  and  die  product  vacuum  distilled. 

2-Nitro-4*-tcrt-butyldiphcnyl  edier  formed  slightly  yellowish  prisms  with  m,  p.  46.5-47.5*  and  b.  p. 
197.5-199*  (3  mm);  the  yield  was  78*7©, 

Found  *7o:  N  5.27,  5.44.  C15H17O3N.  Calculated  *70:  N  5.16. 

2-Nitro-4*-isooctyldiphenyl  edier  was  a  viscous  yellow  liquid  widi  b.  p.  230-233*  (17  mm);  the  yield 
was  62.5*7o, 

Found  *7o;  N  4.29,  4.41.  C20H5O3N.  Calculated  *7o:  N  4.28. 

2- Nitto-4*-(a,«-dimediylbenzyl)- diphenyl  ether  formed  yellowish  prisms  with  m,  p.  76-77*;  the  yield 
was  86*7o. 

Found  *70;  N  4.35,  4,15.  CjiHjgOsN.  Calculated  *7o:  N  4.20. 

Reduction  of  nitro  compounds  widi  iron  filings  in  an  electrolyte  (method  A).  Over  a  period  of  1  hour, 

0,04  mole  of  2- nitro- 4 '-tert- butyl-  or  2-nitro-4'-isooctyldiphenyl  ether  was  added  in  small  portions  to  a  boiling 
mixture  of  20  g  of  iron  pov.-der,  3  ml  of  acetic  acid,  25  ml  of  water,  and  40  ml  of  xylene  in  a  three- necked 
flask  widi  a  stirrer,  thermometer,  and  reflux  condenser.  After  being  boiled  for  5-6  hours,  die  mass  was  filtered 
hot  and  the  residue  waslied  widi  hot  xylene.  Distillation  of  the  solvent  from  the  filtrate  yielded  the  amine.  The 
product  was  obtained  in  a  crystalline  state  in  the  reduction  of  the  nitro- tert-butyldiphenyl  ether,  while  reduction 
of  the  nitroisooctyldiphenyl  ether  yielded  a  yellow  oil,  which  crystallized  only  on  prolonged  standing. 
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Reduction  of  nitro  compounds  with  hydroi’cn  on  Raney  nickel  (method  B).  Into  a  pear-shaped  500- ml 
flask  fixed  to  a  shaker  were  placed  50-100  ml  of  alcohol,  0.01-0.02  mole  of  nitro  compound,  and  Raney  nickel 
(30- 35*70  of  tlie  weight  of  nitro  compound).  When  the  system  had  been  flushed  witli  hydrogen,  the  shaker  was 
switched  on  and  hydrogen  was  passed  into  the  reaction  flask  until  absorption  ceased  completely.  Toward  the 
end  of  die  reduction,  die  mass  was  heated  to  40*  widi  an  electric  lamp.  For  liberation  of  the  amine,  the 
reaction  mass  was  filtered  to  remove  die  catalyst  and  the  filtrate  diluted  widi  v^atcr.  The  solid  amines  thus 
precipitated  were  collected  by  filtration,  waslied  widi  a  small  amount  of  alcohol,  and  dried  with  air,  while  the 
liquid  2-amino-4’-isooctyldiphenyl  edier  was  separated  in  a  separating  funnel  and  then  vacuum  distilled, 

llie  results  of  reduction  of  nitro  compounds  by  the  two  methods  are  given  in  the  table. 


SUMMARY 

1.  By  die  reaction  of  potassium  phenolates  with  o-nitrochlorobenzene  it  was  possible  to  synthesize  nitro- 
substituted  derivatives  of  diphenyl  cdier  with  tert- butyl,  isooctyl,  and  dimethylbenzyl  groups  in  the  position 
para  to  the  ether  group. 

2.  Nitration  of  p- tert- butyl-,  p- isooctyl-,  and  p-(a,a-dimethylbenzyl)-phenols  yielded  the  corresponding 
o-nitrophenols. 

3.  It  was  shown  that  it  is  possible  to  reduce  homologs  of  2-nitrodiplienyl  ether  and  o-nitrophenol  to  the 
corresponding  amines  with  hydrogen  on  Raney  nickel  at  normal  pressiue  and  room  temperature. 
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CONVERSION  OF  A  C  E  T  O  A  CE  T  A  M  1 DE  TO  4-AMINO-2,4-DIMETHYL- 
A*-TETRAHY  DR  O  -  6  -  PY  RI  DONE  -  3  -  C  A  RB  ON  A  M  I  DE 

P.  A.  Levin 

Translated  from  Zhurnal  Obshchei  Khiniii,  Vol.  30,  No.  4,  pp.  1340-1342,  April,  1960 
Original  article  submitted  April  6,  1959 


Derivatives  of  pyridine  and  hydrogenated  pyridine,  in  particular,  pyridones,  carboxylic  acids,  and  amides 
(for  example,  nicotinic  acid  derivatives)  are  acquiring  ever  increasing  value  as  pharmaceutical  preparations 
and  physiologically  active  substances  with  analgesic,  spasmolytic,  local  anesthetic,  bactericidal,  insecticidal, 
soporific,  and  otiicr  properties.  In  addition,  these  compounds  form  a  group  of  substances  which  are  interesting 
for  the  variety  of  reactions  and  metliods  of  syntliesis  [Ij. 

Claisen  and  Meyer  [2]  and  also  probably  Duisberg  [3]  observed  tlic  condensation  of  two  molecules  of 
acctoacetamide  witli  the  formation  of  lutidonecarbonamide  when  tlie  original  amide  was  heated  above  its 
melting  point.  Acctoacetamide  was  previously  a  difficultly  accessible  substance,  but  is  now  readily  obtainable 
from  diketene  [4]  and  so  its  use  for  the  synthesis  of  pyridones  deserves  attention,  especially  as  die  products  ob¬ 
tained  would  be  structurally  similar  to  nicotinic  acid  and  may  also  have  physiological  activity. 

By  investigation  of  aqueous  ammonia  solutions  of  acctoacetamide,  prepared  from  diketene,  diat  had  been 
stored  for  a  definite  time.  It  was  established  diat  in  aqueous  solution  at  room  temperature  diere  is  spontaneous 
condensation  of  die  aminocrotonamide  formed  to  4-amlno-2,4-dimcdiyl-A^-tctraliydro-6-pytidone-3-carbon- 
amide,  which  corresponded  in  melting  point  and  properties  to  die  carbonamide  obtained  by  Chick  and  Wilsmore 
from  aminocrotonamide  at  118”  in  a  stream  of  hydrogen  L5j. 

Tlic  starting  solution  contained  only  acetoacetamide,  ammonia,  and  a  small  amount  of  ammonium 
acetate  (from  acetic  anliydridc,  which  was  an  impurity  in  the  diketene).  After  a  certain  time,  aminocroton¬ 
amide  appeared  in  die  solution.  The  crystalline  carbonamide  isolated  was  a  derivative  widi  a  nitrogen  hetero- 
atom  sihee,  of  the  three  nitrogen  atoms  determined  by  the  Kjeldahl  method, one  of  them  required  very  drastic  con¬ 
ditions  for  conversion  to  ammonium  sullate.  un  die  odier  hand,  one  of  die  nitrogen  atoms  was  readily  eliminated 
as  ammonia  during  hydrolysis  widi  alkali  (but  could  not  be  determined  with  Nesslcr's  reagent).  The  amides 
present  in  die  solution  are  capable  of  forming  a  heterocyclic  compound  and  die  reaction  of  two  acctoacetamide 
molecules  or  the  reaction  of  acctoacetamide  with  aminocrotonamide  would  yield  lutidonecarbonamide,  i.e.,  a 
compound  containing  two  nitrogen  atoms.  Only  die  reaction  of  two  molecules  of  aminocrotonamide  yields  a 
pyridine  derivative  widi  three  nitrogen  atoms,  namely,  aminodimediyltetrahydropyridonecarbonamidc.  The 
structure  was  also  confirmed  by  calculation  of  the  molecular  weight  from  the  amount  of  ammonia  liberated 
during  hydrolysis  or  after  mineralization  of  die  substance. 

Tlie  formation  of  die  pyridonecarbonamide  from  acetoacetamide  proceeds  by  several  stages.  In  die 
presence  of  free  ammonia,  acetoacetamide  in  aqueous  solution  is  gradually  converted  to  aminocrotonamide. 

cnicoci  I  aCON  1 1 2  Cl  I  ,r,(N  H2)=-c.i  icon  i  u 

Two  molecules  of  die  latter  condense  and  then  the  heterocyclic  ring  is  closed. 
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CONflj  NII2  CONMa  Ml, 
till 
cii— _(:  +  (-.11— — c 

I  I 

r.113  Cll:, 


Clli  Nil,  Cll,  NHa 

\  /  ■  \  / 

/S  /S 

II2C  C-CONll,  — >  llaC  C-CONH2 

I  11  I  II 

OC  C-CII3  OC  C-CIl.T 

\  \  \/  ■ 

NII2  NM2  Nil 


The  decrease  in  tire  amount  of  acetoacetamide  in  tlie  solution  became  appreciable  after  5-7  days  and 
tliis  should  be  considered  in  using  such  solutions  for  synthesis  of  pyrazolones  by  the  acetoacetamide  method. 
However,  after  3  months,  the  solution  still  contained  about  50%  of  unchanged  acetoacetamide. 


EXPERIMENTAL 

Preparation  of  acetoacetamide.  With  vigorous  stirring,  43  g  of  97.5%  diketene  was  added  dropwise  to 
127  ml  of  a  cooled  187o  solution  of  ammonia.  The  solution  obtained  contained  31.4%  of  acetoacetamide  and 
7.7%  of  ammonia.  From  die  yield  of  l-(2'-chloto-5*-sulfophenyl)-3-metliylpyrazolone-5  from  the  reaction 
of  chlorosulfophenylhydrazine  witli  an  acetoacetamide  solution  [4]  that  had  been  kept  in  the  laboratory  for  about 
3  montlis,  it  was  established  that  the  decrease  in  the  amount  of  amide  in  solution  was  50%. 

Preparation  of  4-amino- 2,4- dimetiiyl-  A^-tetrahydco-6-pyridonc-3-carbonamidc.  A  sample  (80  ml)  of 
a  solution  tliat  had  been  kept  for  3  montlis  and  corresponded  to  0.25  mole  of  acetoacetamide  was  heated  gently 
In  a  water-pnmp  vacuum  until  boiling  ceased.  The  sirupy  mass  formed  cr)'Stallized  after  2  days.  The  crystals 
were  readily  separated  from  tlie  mother  liquor  with  acetone,  in  which  they  were  difficultly  soluble.  Recrys¬ 
tallization  of  die  mixture  from  an  alcohol "  ether  mixture  gave  a  white  crystalline  substance  with  m.  p.  196* 
(cerr.).  The  yield  was  5  g. 

Tlie  substance  obtained  was  readily  soluble  in  water  and  acetic  acid,  soluble  in  methanol  and  ethanol 
(more  in  the  former;  solubility  in  hot  ethanol,  1,5%),  and  almost  insoluble  in  boiling  acetone,  benzene,  ether, 
chloroform,  and  molten  camphor.  Reactions  witii  ferric  chloride  solution  and  Nessler's  reagent  were  negative. 
An  aqueous  solution  of  the  substance  was  neutral.  Distillation  with  zinc  dust  yielded  an  oily  liquid,  wiilch 
cr)fstallized  on  cooling.  The  product  was  not  nitrated  by  nitric  acid,  but  was  readily  converted  into  a  nitro 
derivative  by  the  action  of  a  mixture  of  nitric  and  sulfuric  acids.  A  solution  of  die  nitro  compound  was  color¬ 
less  in  an  acid  medium  and  yellow  in  alkali. 

The  substance  isolated  from  die  acetoacetamide  solution  lost  ammonia  when  treated  widi  alkali.  The 
ammonia  was  distilled  by  boiling  0.0159  g  of  the  substance  with  5  ml  of  sodium  hydroxide  (1  ;2)  in  50  ml  of 
water  for  1.5  hours  widi  the  distillate  caught  in  a  trap  with  50  ml  of  0.01  N  hydrochloric  acid;  die  excess  acid 
was  titrated  widi  0.01  N  alkali  solution  in  die  presence  of  Mediyl  red.  Tlie  amount  of  ammonia  determined 
corresponded  to  1  atom  of  nitrogen  in  die  compound  C7HUON2CONH2. 

Found  %:  N  7.62.  C8H13O2N3.  Calculated  %:  N  7.65. 

In  a  normal  determination  of  nitrogen  by  the  Kjeldahl  method  with  selenium  as  a  catalyst,  a  pale  yellow 
solution  was  formed  after  5-10  minutes.  However,  it  was  not  possible  to  achieve  complete  mineralization  of 
die  compound  in  diis  way.  The  results  varied.  The  analysis  showed  a  nitrogen  content  of  15.95  and  17.50%, 
which  corresponds  approximately  to  2  nitrogen  atoms  per  molecule.  By  carr)'ing  out  the  analysis  under  drastic 
conditions  [6J,  it  was  possible  to  destroy  die  compound  completely.  For  diis  purpose,  a  sample  (0,0238  g)  was 
boiled  for  3  hours  with  a  mixture  of  1  ml  of  sulfuric  acid  and  4  g  of  potassium  bisulfate  until  the  mixture  was 
completely  decolorized.  The  subsequent  stages  of  the  analysis  were  carried  out  by  the  usual  methods.  As  a 
result  of  complete  mineralization  of  die  substance,  the  amount  of  nitrogen  determined  corresponded  almost 
exactly  to  3  atoms  in  die  compound  C^Ijg02N3. 

Found  %;  N  22.82.  C8H13O2N3.  Calculated  %:  N  22.95. 

When  the  pure  substance  or  a  mixture  of  it  with  lime  was  heated  strongly,  a  readily  crystallizable  sub¬ 
stance  with  m,  p.  70“  sublimed.  The  same  product  was  obtained  by  heating  the  substance  that  had  first  been 


1371 


treated  wltlt  concentrated  hydrochloric  acid  or  alkali.  It  is  probable  that  this  product  was  the  starting  material 
tliat  had  lost  the  carboxyl  group  (in  analogy  with  other  pyridine  derivatives,  which  readily  lose  a  carboxyl  group 
under  similar  conditions). 

The  amine  group  in  position  4  could  not  be  determined  by  die  normal  methods  due  to  Its  low  activity  [7J 
and  steric  hindrance.  . 

Considering  diat  only  half  of  the  acctoacctamidc  had  reacted,  die  yield  of  aminodimethyltetrahydro- 
pyridonccarbonamide  was  43.7*70. 


SUMMARY 

In  aqueous  solution  in  die  presence  of  ammonia,  acetoacetamlde  is  gradually  converted  into  4- amino- 
2, 4- dimethyl- A^-tetrahydro-6- pyridone- 3- carbonamide.  This  conversion  gave  not  less  dian  43*7o  yield  without 
heating  or  the  use  of  hydrogen. 
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PHOSPHORUS-CONTAINING  POLYESTER  AND  POLYAMIDE  RESINS 


K.  A.  Petrov  and  V.  A.  Parshina 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1342-1346,  April,  1960 
Original  article  submitted  April  3,  1959 


In  contrast  to  phosphorus- containing  insecticides  and  other  physiologically  active  substances,  up  to  now 
organophosphorus  polymers  have  not  found  wide  application  and  have  not  received  tliorough  attention  In  the 
literature.  However,  on  tlie  basis  of  available  data,  we  may  conclude  that  some  organopliosphorus  polymers 
with  specific  properties  may  be  of  practical  interest  [1-5]. 

The  purpose  of  tlic  present  work  was  tlie  synthesis  of  organophosphorus  condensation  polymers  of  the 
polyester  and  polyamide  types.  Ethylene  glycol,  diethylcne  glycol,  hexamethylenediamine,  and  tlte  ester  of 
the  dibasic  carboxylic  acid  bis- (p- carbon iethoxyphcnyl)-metliylphosphine  oxide  were  used  for  condensation. 
Polymers  (l),  (II),  and  (HI)  are  described  in  the  work. 


^-rl-ocHjCHjO- 


Cdl, 


(I) 


\  II  I  ' 

\  0  CH;, 


^''^-C-0CH2CH20CH2CH20— 

/  II 


o  (It) 


o 


'^-c-nh(ch2)oNii- 
0  rliis  0 

(III) 


The  distinctive  characteristic  of  tliese  polymers  is  the  fact  that  units  in  their  chains  are  formed  by  penta- 
valent  phosphorus  atoms,  connected  by  phosphorus-carbon  bonds.  Tlius,  polymers  (1)  and  (111)  differ  from 
Teiydcne  and  Nylon  in  that  the  terephtlialic  acid  residue  in  the  chain  of  the  former  and  the  adipic  add  in  the 
latter  have  been  replaced  by  bis- (p- carboxy  phenyl)- me  thy  Iphospliine  oxide  residues. 

Phosphine  oxides  are  most  resistant  to  heat  and  various  chemical  reagents  among  organophosphorus  sub¬ 
stances  and  in  tliis  respect  tliey  differ  sharply  from  phosphates  and  phosphonates.  The  inclusion  of  a  phosphorus 
oxide  group  in  tlie  chain  did  not  decrease  its  stability  and  considering  the  capacity  of  phosphorus  to  reduce  the 
chemical  activity  of  substances,  it  might  be  expected  that  the  polymers  obuined  will  have  a  high  chemical 
stability  and  physicomechanical  strength. 

Bis-(p-carbomethoxyphenyl)-methylphosphine  oxide  has  been  described  in  the  literature.  However,  the 
method  of  preparing  it  is  complex  and, in  individual  stages,  the  intermediates  in  its  synthesis  ate  formed  In  low 
yields  [6-8], 
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In  die  present  investigation,  the  mediod  of  preparing  the  ester  in  separate  stages  was  substantially  changed 
and  refined.  Thus,  bis-(p-tolyl)-niethylphosphine  oxide  was  obtained  by  die  reaction  of  the  dlacid  cliloride  of 
mediylphosphinlc  acid  with  p-tolylmagnesium  bromide. 

Cllal’OClj  -b  2Cn3rell4MgBr  -  Cn3lH)(CoH4CU3)2  +  2MgUrCl 

Tlie  yield  of  die  phosphine  oxide  reached  82^70  (wldi  5®7o  excess  p-tolylmagnesium  bromide  used). 

In  contrast  to  other  investigators,  we  oxidized  bls-(p-tolyl)-methylphosphine  oxide  widi  a  hot  alkaline 
solution  of  permanganate;  the  process  was  complete  in  2  hours  and  the  acid  yield  reached  81  ®7o. 

Mixing  an  aqueous  alcohol  solution  of  the  acid  with  an  aqueous  solution  of  ferric  chloride  yielded  the 
iron  salt,  \\’luch  has  not  been  described  in  die  literature  previously. 

Heating  bis-(p-carboxyphenyl)-mediylphosphine  oxide  widi  thionyl  chloride  yielded  the  diacld  chloride 
(decomp.  p.  64-65*).  We  syndieslzcd  bis-(p-carbomedioxyphenyl)-methylphosphine  oxide  in  73.5%  yield  by 
esterification  of  die  acid  with  methanol  in  the  presence  of  hydrogen  chloride. 

Bis-(p-carboedioxyphenyl)-mediylphosphine  oxide,  which  has  not  been  described  previously  in  the  literature, 
was  obtained  in  die  same  way  as  the  methyl  ester.  Transesterification  of  the  methyl  ester  with  n- butyl  alcohol 
gave  a  good  yield  of  bis-(p-carbobutoxyphenyl)-mediylphosphine  oxide,  which  has  not  been  described  previously. 

Tlie  ethylene  glycol  and  diethylene  glycol  polyesters  of  bis-(p-carboxyphenyl)-methylphosphine  oxide 
(1  and  11)  were  obtained  by  prolonged  heating  of  the  uiediyl  ester  of  bls-(p-carboxyphenyl)-mediylphosphine 
oxide  widi  ethylene  glycol  and  dietliylene  glycol  in  die  presence  of  a  catalyst,  namely,  zinc  borate  and  penta- 
crythritol  (first  at  atmospheric  pressure  and  dien  in  vacuum).  Clear,  slightly  colored  polyesters  could  be  ob¬ 
tained  only  when  the  reaction  was  carried  out  in  the  absence  of  ox)'gen.  Both  polyesters  dissolved  in  chloroform 
to  form  viscous  solutions  from  which  they  were  precipitated  by  the  addition  of  absolute  ether;  die  polyesters 
formed  filaments  when  drawn  from  solutions. 

The  polyamide  (111)  was  obtained  by  heating  in  vacuum  die  salt  prepared  by  mixing  hexamediylenedlamlne 
with  bis-(p-carboxyphenyl)-methylphospliine  oxide.  The  polyamide  formed  a  brown  vitreous  mass,  wliich  was 
insoluble  in  edier,  benzene,  and  chloroform;  it  also  formed  filaments  when  drawn  from  a  melt.  The  specific 
viscosity  of  a  1%  solution  in  m-cresol  and  die  softening  point  were  measured  for  polyesters  (I)  and  (11)  and  poly¬ 
amide  (ill). 


EXPERIMENTAL 

Bis-(p-tolyl)-mediylphosphine  oxide.  With  die  reaction  mixture  stirred  and  cooled  in  ice  and  salt, to  the 
Grignard  reagent  from  25.5  g  of  magnesium  and  179.5  g  of  p-bromotoluene  in  750  ml  of  absolute  ether  was 
added  66.5  g  of  the  diacid  chloride  of  methylphosphinic  acid  in  300  ml  of  ether  at  such  a  rate  that  the  tem¬ 
perature  did  not  rise  above  15*.  Tlie  solution  was  boiled  for  1  hour,  300  ml  of  chloroform  added,*  and  the 
solution  again  heated  on  a  water  bath  for  4  hours.  The  reaction  mass  was  cooled  and  then  400  ml  of  a  20% 
aqueous  solution  of  ammonium  chloride  slowly  added.  The  ether -chloroform  layer  was  separated,  tlie  aqueous 
layer  extracted  twice  with  chloroform  (100  ml  portions),  and  the  combined  extracts  dried  witli  baked  sodium 
sulfate.  Evaporation  of  tlie  solvent  gave  99  g  (82%  yield)  of  the  phosphine  oxide,  which  melted  at  105-108*, 
and  then  after  recr)'Stallization  from  anhydrous  benzene  or  alcohol,  it  melted  at  143-145*. 

Bis-fp-carboxyphenyO-methylphospliine  oxide.  To  a  solution  of  130  g  of  permanganate  in  4  liters  of 
water  was  added  50  g  of  bis-(p-tolyl)-metliylphospliine  oxide  and  the  mixture  heated  on  a  boiling  water  bath 
for  3  hours.  The  manganese  dioxide  was  tlien  removed  by  filtration  and  the  solution  acidified  with  dilute 
hydrochloric  acid  and  evaporated  to  dryness  on  a  water  batli.  Tlie  residue  was  washed  witli  hot  anliydrous 
alcohol.  After  removal  of  the  alcohol,  the  acid,  which  was  isolated  as  a  viscous  mass,  crystallized  wlien  ab¬ 
solute  ether  was  added.  We  obtained  51  g  of  acid  (81.5%  yield). 


*  For  economy  in  solvents,  before  addition  of  tlie  chloroform,  tlie  ether  may  be  distilled  from  die  reaction 
mixture  on  a  water  badi  and  then  used  in  the  reaction  widiout  purification. 
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After  recrystallization  from  an  alcohol  —  ether  mixture,  the  bis-(p- carboxy phenyl)- methylphosphine  oxide 
had  in.  p.  295“.  A  mixed  melting  point  witli  the  acid  obtained  by  oxidation  of  bis-(p-tolyl)-metliylphosphine 
oxide  widi  permanganate  in  die  presence  of  pyridine  [G]  was  not  depressed.  When  an  aqueous  solution  of  ferric 
chloride  was  mixed  widi  an  aqueous  alcohol  solution  of  the  acid  the  iron  salt  formed  a  yellowish-red  precipitate. 
The  salt  was  insoluble  in  water  and  organic  solvents  and  did  not  melt  when  heated  to  300*. 

Found  P  9.51.  C45n330i5P3Fe2.  Calculated '7o;  P  9.13. 

Bis- (p-carbomcthoxyphenyl)- methyl  phosphine  oxide.  Hydrogen  chloride  was  passed  for  2  hours  into  a 
boiling  solution  of  33  g  oi  bis- (p- carboxy  phenyl)- methylphosphine  oxide  in  500  ml  of  anhydrous  medianol  and 
then  die  solution  heated  for  a  fiirdier  2  hours.  Cooling  the  solution  precipitated  bis-(p-carbomedioxyphenyl)- 
mediylphosphine  oxide,  which,  after  recr)'Stallization  from  methanol,  had  m.  p.  225*  and  was  found  to  be 
identical  widi  the  ester  obtained  previously  by  a  somewhat  different  mediod  [6].  We  obtained  26.5  g  of  ester 
(73.5'^o  yield). 

Bis-  (p-carboedioxyphenyl)- methylphosphine  oxide.  Bis- (p- carboxy phenyO-mediylphosphine  oxide  (5  g) 
in  60  ml  of  anliydrous  alcohol  was  esterified  as  described  above  with  the  difference  that  after  treatment  with 
hydrogen  chloride,  die  mixture  was  heated  for  6  hours.  Tlie  alcohol  was  then  removed  by  distillation  and  die 
residual  diick  oil  dissolved  in  alcohol  and  neutralized  widi  sodium  carbonate.  When  absolute  edier  was  added, 
die  oil  crystallized.  After  three  recrystallizations  from  aqueous  alcohol,  the  ester  had  m,  p.  147-148*  and  was 
soluble  in  alcohol  and  benzene,  but  insoluble  in  water. 

Found  *70:  P  8.16.  Cj^Hj^C^P,  Calculated  P  8.62. 

Bis-(p-carbobuto\yphenvl)-mc  thylphosphine  oxide.  A  mixture  of  1.5  g  of  bis-(p-carbornedioxyphenyl)- 
metUylphosphinc  oxide,  20  ml  of  butanol,  and  a  few  crystals  of  zinc  acetate  was  heated  at  150-160*  for  6  hours. 
Removal  of  die  alcohol  left  1.4  g  of  the  butyl  ester  widi  m.  p,  117-120*;  after  recrystallization  from  hot  aqueous 
medianol,  the  product  had  m.  p.  122*.  The  butyl  ester  was  readily  soluble  in  ether,  benzene,  and  alcohols,  but 
insoluble  in  water. 

Found  ®7o:  P  7.4.  C23H29C’bP.  Calculated  %;  P  7.44. 

Good  results  were  also  obtained  by  transesterification  in  die  presence  of  sulfuric  acid.  When  2  g  of  the 
methyl  ester,  20  g  of  butanol,  and  8  drops  of  sulfuric  acid  were  heated  for  8  hours,  we  obtained  2  g  of  bls-(p- 
carbobutoxyphenyl)-  methylphosphine  oxide. 

Diacid  chloride  of  bis-(p-carhoxyphenyl)- methylphosphine  oxide.  To  4  g  of  bis- (p- carboxy phenyl)- 
methylphosphinc  oxide  was  added  20  nd  of  thlonyl  chloride  and  the  mixture  heated  on  a  water  bath  for  3  hours. 
The  excess  thionyl  chloride  was  removed  by  distillation  to  leave  die  diacid  chloride  of  bis- (p- carboxy phenyl)- 
mediylphosphine  oxide  as  a  diick  oil,  which  crystallized  when  treated  with  ligroin.  The  diacId  chloride  de¬ 
composed  at  64-65"  and  was  soluble  in  hot  chloroform  and  carbon  tetrachloride,  but  less  soluble  in  ether  and 
benzene.  We  obtained  2.1  g  of  diacid  chloride. 

Found  *70:  Cl  20.75.  Ci5Hjj03PCl2.  Calculated ‘7(>:  Cl  20,8. 

Polyester  from  ediylene  glycol  and  bis- (p-carbomethoxyphenyl)- methylphosphine  oxide.  To  4  g  of  finely 
ground  bis-(p-carbomedioxyphenyl)-mediylphosphine  oxide  were  added  7.5  g  of  ethylene  glycol  and  a  few 
cry’stals  of  zinc  borate  and  pentaeiy'thritol;  the  mixture  was  stirred  carefully  and  heated  at  normal  pressure  for 
16  hours  at  200-210“  and  1  hour  at  250*.  Tile  transesterificaiion  was  complete  under  these  conditions  and  tlie 
methanol  and  excess  ethylene  glycol  were  removed.  The  reaction  moss  was  a  colorless  mobile  liquid  in  the 
hot  state.  The  pressure  was  then  reduced  to  10-12  mm  in  the  apparatus  and  the  reaction  mass  kept  in  a  nitrogen 
atmosphere  at  210*  for  3  hours  and  for  7  hours  at  260*  and  1-0.5  mm.  We  obtained  a  yellowish,  vitreous  resin, 
wliich  was  soluble  in  chloroform,  but  insoluble  in  ether  and  benzene .  The  specific  viscosity  of  a  \^o  solution  in 
m-cresol  was  0,34  at  20*.  The  softening  point  of  the  resin  was  167-168*.  The  polyester  was  precipitated  from 
chloroform  with  ether  as  a  white  crystalline  substance. 

Polyester  from  diethylene  glycol  and  bis- (p-carbometlroxyphcnyl)- methylphosphine  oxide.  To  1  g  of 
bis-(p-carbometlioxyphenyl)-memylphosphine  oxide  were  added  1.4  g  of  diethylcne  glycol  and  a  few  crystals 
of  zinc  borate  and  the  mixture  was  heated  at  atmospheric  pressure  and  200-210*  for  20  hours,  the  reaction  mass 
cooled  to  200*,  die  pressure  in  the  apparatus  reduced  to  12  mm,  and  the  reaction  mass  heated  in  a  nitrogen 
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atmosphere  for  3  hours  at  tills  temperature  and  for  20  hours  at  285"  and  0,5-1  mm.  We  obtained  a  vitreous 
mass,  which  was  soluble  in  chloroform,  but  insoluble  in  etlier  and  benzene;  the  specific  viscosity  of  a  l<7o 
solution  in  m-cresol  equaled  0.41  at  20’  and  the  polymer  softened  at  97-98*  and  could  be  drawn  from  a 
melt  as  filaments. 

Polyamide  from  hcxametliylenediamine  and  his-fp-carboxyrhenvO-mcthylphosphine  oxide.  For  the 
condensation  we  required  tlie  ammonium  salt  of  bis-(p-carboxyphenyl)-metliylphosphine  oxide  with  hexa- 
mctliylenediamine  and  tliis  was  obtained  by  mixing  hot  alcohol  solutions  of  hcxametliylenediamine  (3.04  g  of 
hexametliylenediamine  in  40  ml  of  anhydrous  alcohol)  and  the  acid  (1  g  of  acid  in  20  ml  of  alcohol).  A  thick 
oil  first  precipitated  and  crystallized  on  standing.  The  salt  was  collected,  washed  witli  alcohol,  and  dried;  it 
had  III.  p.  245*  (beginning  of  decomp.)  and  was  soluble  in  water,  but  insoluble  in  alcohol. 

Found  %;  N  7.07;  P  7.16.  CallagOsNjP.  Calculated  N  6.64;  P  7.36. 

Tlie  polycondensation  was  carried  out  under  tlie  following  conditions:  1  g  of  ammonium  salt  and  1  g  of 
pi  cnol  were  heated  in  vacuum  (10  mm)  for  3  hours  at  270*.  We  obtained  a  brown  vitreous  mass  which  was 
insoluble  in  chloroform,  edicr,  and  benzene.  The  specific  viscosity  oi  a.  \  °Jo  solution  of  the  polyamide  in  m- 
cresol  at  20’  was  0.34;  the  softening  point  was  174-175*.  It  could  be  drawn  from  a  melt  as  filaments. 


SUMMARY 

1.  We  obtained  two  polyesters  by  polycondensation  of  bis-(p-carbometlroxyphenyl)-methylphosphine 
oxide  witli  ethylene  glycol  and  diediylene  glycol  and  also  a  polyamide  by  condensation  of  bis-(p-carboxyphcnyl)- 
methylphosphinc  oxide  widi  hexametliylenediamine. 

2.  A  method  was  developed  for  preparing  bis-(p-tolyl)-methylphosphine  oxide; die  oxidation  of  this  to 
bis-(p-carboxyphenyl)-medrylphosphine  oxide  was  refined,  and  several  derivatives  of  this  acid  that  have  not 
been  described  in  die  literature  previously  were  syndiesized. 
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AMINOSILANES 


II.  METHODS  OF  SYNTHESIZING  SOME  TETRAALKOXYSILANES 

A.  P.  Kreshkov,  L,  V,  Myshlyaeva,  and  L.  M.  Khananashvili 
D.  I.  Mendeleev  Moscow  Chemicotechnological  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  4,  pp.  1347-1350,  April,  1960 
Original  article  submitted  September  4,  1959 


Tetraalkoxysilanes  are  usually  obtained  by  the  action  of  alcohols  on  halosilanes.  Variants  of  this  reaction 
are  described  in  detail  in  the  literature  [1-7]. 

The  last  stage  of  the  reaction 

SiCl.  l-ROIl-SiOnCla  — ^  Si(OU)2Cl2 Si(OR)3Cl  — ^Si(OR), 

proceeds  slowly  and  a  certain  excess  of  alcohol  is  required  to  displace  the  equilibrium  to  the  right.  With  excess 
alcohol,  the  yield  of  partial  esterification  products  is  reduced  practically  to  zero,  but  there  is  a  considerable 

increase  in  the  yield  of  fractions  boiling  below 


m 


Change  in  the  composition  of  low- boiling  fractions 
during  the  fractionation  of  tetraalkoxysilanes. 


SiORCls.  In  the  synthesis  of  tetramethoxysilane, 
during  die  distillation  die  hydrogen  chloride  evaporates 
and  dien  a  fraction  begins  to  distill  with  a  boiling  point 
close  to  69*  [4J  and  in  the  synthesis  of  tetraethoxy- 
silane,  die  analogous  fraction  boils  at  about  85*  [5]. 

As  Peppard,  Brown,  and  Johnson  [4j  reported,  the  ter¬ 
nary  mixture  Si(0Ql3)4-CH30H-HCl  boils  at  69*. 
The  components  of  this  mixture  are  capable  of  reacting 
together  in  two  stages; 

1)  Reaction  of  HCl  widi  the  alcohol  to  form 
mediyl  chloride  and  water;  2)  hydrolysis  of  the  ester 
by  die  water  liberated, right  to  die  precipitation  of 
nSiOj*  mH20. 

By  analyzing  die  reaction  products  with  a  boiling 
point  below  that  of  SiORCl3,  we  found  that  they  con¬ 
tain  considerable  amounts  of  tetraalkoxysilanes  and 
alcohol.  By  using  these  products  we  were  able  to  in¬ 
crease  the  yields  of  tetraalkoxysilanes  considerably. 

We  represented  the  change  in  composition  of  the 
low-boiling  fractions  with  temperature  in  the  form 


of  a  ternary  diagram  with  the  coordinates  SifOR)^  — CH3OH-HCI  (figure).  The  analytical  and  grapliical  data 
for  several  syntheses  were  extremely  close,  which  dien  allowed  us  to  use  the  diagram  constructed  for  rapid  cal¬ 
culation  of  the  mixture  composition  from  one  determined  component  (HCl), 
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In  comparing  the  positions  of  tlie  curves  for  the  change  in  fraction  composition  with  temperature  for 
tetraetlioxy-  and  tetramethoxysilanes,  we  should  note  that  the  losses  of  tetraethoxysllane  in  tlie  low-boiling 
fractions  are  considerably  lower  than  witli  tetrametltoxysilane. 

Having  calculated  the  amount  of  free  alcohol  in  the  by-product  from  the  diagram,  with  cooling  and 
vigorous  stirring,  we  added  the  equivalent  amount  of  SiCl^.  By  breaking  up  the  ternary  mixture,  the  rapid 
reaction  made  it  possible  to  obtain  further  considerable  amounts  of  the  main  product  (10- 15*70  of  tetraethoxy- 
silane  and  25-30*70  of  tetramethoxysilane)  due  to  the  tetraalkoxysilane  present  in  tlie  ternary  mixture  and  as  a 
result  of  esterification  of  the  alcohol  in  the  mixture. 

We  also  developed  a  new  method  of  synthesizing  tetraalkoxysilanes,  based  on  the  alcoholysis  of  amino- 
silanes.  The  properties  of  silicon  compounds  containing  an  Si  -  N  bond  have  not  been  studied  adequately  up  to 
the  present  time  [2J.  In  particular,  there  has  been  little  study  and  no  widespread  practical  application  of  tlie 
alcoholysis  of  aminosilanes.  This  is  apparently  explained  by  the  fact  that  from  the  preparative  point  of  view 
it  seems  more  advantageous  to  proceed  directly  from  compounds  containing  the  reactive  Si  — Cl  bond  to  com¬ 
pounds  with  the  Si  -  O  bond.  Nonetlieless,  a  study  of  tlie  alcoholysis  of  some  aminosilanes  showed  that  the 
reactions  proceed  extremely  smootlily  and  give  high  yields  of  products  witli  a  comparatively  short  synthesis 
[8-10]. 

The  proposed  method  of  preparing  tetraalkoxysilanes  was  based  on  the  exchange  of  chlorosilanes  with 
amines  witli  subsequent  treatment  of  tlie  aminosilanes  formed  with  alcohols  according  to  tlie  scheme; 

SiCl4-f-8RNH2  ->  Si(NllH)i  -f-4RNll2  •  IlCl; 

Si(NlIl\)4  4-4H*OII  ->  Si(OR')4  +  4RNn2, 

where  R  =  CHs,  CgHs,  CH3C5II4,  and  otlier  aliphatic  and  aromatic  radicals. 

The  reactions  may  be  carried  out  botli  by  the  action  of  alcohols  on  aminosilanes  isolated  in  a  pure  form 
and  witlioui  isolation  of  tlie  latter,  which  are  intermediate  products. 

We  used  this  metliod  to  synthesize  tetrametlioxy-  and  tetraethoxysilanes,  using  derivatives  of  methylamine, 
aniline,  and  p-toluidine  as  tlie  intermediate  products.  The  silicon  in  the  tetraalkoxysilanes  syntliesized  was 
determined  gravirnetrically  as  Si02  [11],  tlie  carbon  and  hydrogen  were  determined  by  combustion  by  Pregl’s 
method  [12],  die  chlorine  vsas  determined  by  titration  of  tlic  hydrolysis  products  witli  alkali,  and  the  alkoxyl 
groups  were  determined  by  ZeiseTs  metliod  [11], 

EXPERIMENTAL 

Tetrametlioxysilane.  a)  Into  a  three- necked,  500- ml  flask  with  a  dropping  funnel,  a  stirrer  witli  a  seal, 
and  a  reflux  condenser  [13]  was  placed  141  g  of  cooled,  anhydrous  methanol.  Over  a  period  of  2  hours,  170  g 
of  silicon  tetrachloride  was  added  dropwise  with  the  mixture  stirred  in  the  cold  for  the  first  hour  and  then  with 
gradual  heating  to  65*  on  a  water  bath.  When  the  vigorous  evolution  of  hydrogen  chloride  had  ceased,  the 
product  was  distilled  on  a  glycerol  bath  with  the  successive  removal  and  analysis  of  fractions  boiling  over  1* 
ranges.  The  distillation  yielded  a  product  with  b.  p.  121-123"  (68  g,  44*7'),  distillation  residue  (polymer) 
witli  b.  p.  above  130*  (24  g),  and  fractions  boiling  below  75*  (65  g).  Tlie  mean  Si02  content  of  tlie  latter  was 
10.4*7>  (from  tlie  data  of  five  syntlieses).  These  fractions  were  redistilled  and  separate  distillates  boiling  over 
1-2*  ranges  were  analyzed.  The  analysis  results  are  given  in  the  figure,  which  shows  that  the  composition  of 
the  fractions  changed  over  comparatively  narrow  ranges.  Analogous  data  for  tetraetlioxysilane  ate  given  in  the 
same  diagram.  Treatment  of  tlie  tetramethoxysilane  fractions  boiling  below  75*  with  silicon  tetrachloride  gave 
an  additional  46  g  of  tetramethoxysilane,  i.e.,  about  30*7)  of  the  initially  calculated  yield  of  tlie  ether. 

b)  Into  a  1000- ml,  flat-bottomed  flask  were  placed  300  ml  of  anhydrous  benzene  and  42.5  g  of  silicon 
tetrachloride.  Gaseous  methylamine  was  passed  tlirough  the  solution  until  the  mixture  no  longer  gave  a  reaction 
for  unreacted  SiCl4  witli  iodide  —  iodatc  reagent  (brown  color  witli  paper  moistened  witli  KI  +  KIO3)  [14].  Tlie 
methylamine  hydrochloride  precipitate  was  removed  by  filtration  and  washed  witli  benzene.  Tlie  solution  ob¬ 
tained  (or  ilic  mixture  if  the  precipitate  was  not  removed)  was  tlien  treated  with  36  g  of  anhydrous  meilianol  with 
stirring  and  slight  cooling.  The  benzene  was  removed  and  a  fraction  collected  with  b.  p.  121-123*,  d^^  1.024, 
n^^D  1.3690.  The  yield  was  29.6  g  (78*70). 


Found ‘yo;  C  31.89;  H  7.95;  Si  17.90.  C4Hi204Si.  Calculated ‘fo:  C  31.57;  H  7.89;  SI  18.04. 

c)  Into  a  1000- nil,  round-bottomed  flask  were  placed  13G  g  of  silicon  tetrachloride  and  558  g  of  dr)', 
freshly  distilled  aniline  (in  small  portions  over  a  period  of  10-15  minutes).  The  flask  was  closed  with  a  reflux 
condenser  and  heated  on  a  water  bath  for  20-30  minutes.  The  reaction  mixture  was  then  distilled  and  a  fraction 
collected  with  b.  p.  121-123*,  d“4  1.02G,  n^D  1.3693.  The  yield  was  103.4  g  (85<yo). 

Found '7o;  C  32.10;  H  8.02;  Si  18.29.  €411120451.  Calculated  %;  C  31.57;  H  7.89;  Si  18.04. 

Tetracthoxysilane.  Into  a  200-ml  round- bottomed  flask  were  placed  19.8  g  of  recrystallized  tetraphenyl- 
aminosilane  and  10.1  g  of  anhydrous  alcohol.  The  reaction  proceeded  with  considerable  heat  evolution.  When 
the  mixture  had  been  stirred  for  a  short  time  (5-10  minutes),  the  flask  was  placed  on  a  water  bath  and  tire 
mixture  heated  under  reflux  for  15-20  minutes.  The  product  obtained  was  distilled  and  a  fraction  collected 
with  b.  p.  165-167”,  d^4  0.935,  n^D  1.3857.  The  yield  was  94.6  g  Ol^yo). 

Found ‘yo:  C  47.25;  H  9.75:  Si  13.73.  C8H2o04Si.  Calculated  %:  C  46.15;  H  9.62;  Si  13.92. 

SUMMARY 

1.  Processes  occurring  during  the  synthesis  of  tetraalkoxysilanes  were  investigated. 

2.  It  was  established  that  by  additional  treatment  of  the  etherification  by-products  with  silicon  tetra¬ 
chloride  it  is  possible  to  achieve  a  considerable  increase  in  tlie  yield  of  some  esters  of  orthosilicic  acid. 

3.  A  new  metliod  was  developed  for  syntiiesizing  tetraalkoxysilanes,  which  was  based  on  treatment  of 
chlorosilanes  witli  various  amines  and  subsequent  treatment  of  the  aminosilanes  formed  witli  alcohols. 
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REPLACEMENT  OF  HALOGEN  IN  AZO  COMPOUNDS 


IX.  EFFECT  OF  POSITION  OF  HALOGEN  AND  ELECTRON- DONOR  SUBSTITUENT  AND 
OF  THE  NATURE  OF  THE  ELECTRON- DONOR  SUBSTITUENT 

M,  A.  Andreev  and  B.  I.  Stepanov 

D.  I.  Mendeleev  Moscow  Chcmicotechnological  Institute 

Translated  from  Zhurnal  Obslidiei  Khimii,  Vol.  30,  No.  4,  pp.  1350-135G,  April,  1960 
Original  article  submitted  March  14,  1959 


To  determine  tire  limits  of  applicability  of  the  replacement  of  a  halogen  atom  in  azo  compounds  in  tlie 
presence  of  copper  salts  by  various  substituents,  we  studied  the  reaction  of  sodium  n-butylate  witli  chlorine- 
containing  hydroxyazo  compounds,  differing  in  die  position  of  die  chlorine  atom  and  die  hydroxyl  group  relative 
to  die  azo  group  and  also  in  die  nature  of  die  hydroxyl  group.  In  addition,  experiments  were  carried  out  wldi 
chlorine- containing  azo  compounds  in  which  there  was  a  different  electron- donor  substituent  instead  of  the 
hydroxyl  group. 

Tlie  effect  of  the  position  of  die  halogen  atom  and  the  hydroxyl  group  relative  to  the  azo  group  was 
studied  in  experiments  widi  2-,  3-,  and  4-chlorobenzencazo-2'-naphthols  [azo  dyes  (I),  (II),  and  (HI)  from 
2-,  3-,  and  4-chlotoani’ines,  respectively,  and  2-naphtholJ  and  widi  2-chlorobcnzcneazo-4'-naphthol  [azo 
dye  (IV)  from  2-chloroaniline  and  1-naphtholJ.  For  a  study  of  die  effect  of  the  nature  of  the  hydroxyl  group, 
data  for  dye  (I)  were  compared  widi  those  for  2-chloro-5’-mctliyl-2'-hydroxyazobenzenc,  2-clilorobenzene- 
(l-azo-4')-l’-phenyl-3'-mediylpyrazolone-5’,  and  2-clilorobcnzeneazoacetoacetanilide  [azo  dyes  (V),  (Vl), 
and  (VI!)  from  2-chloroaniline  and  p-cresol,  l-plienyl-3-methylpyrazolone-5,  and  acetoacetanilidc,  respectively). 
As  azo  compounds  with  electron- donor  substituents  different  from  hydroxyl  in  die  position  ortho  to  the  azo  group 
we  used  2-chlorobenzeneazo-2'-naphtliylamine,  2-chlorobenzcneazo-2’-medioxynaphtIialcne,  and  2-chloro- 
benzeneazo-2’-butoxynaphthalene  [azo  dyes  (VIII),  (IX),  and  (X)  from  2-chloroaniline  and  2-naphdiylamine, 
2-niethoxynaphthalene,  and  2-butoxynaphthalene,  respectively). 


Cl  OH  OH  OH 


(IV)  (V)  CH3 
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Tlie  azo  dyes  were  treated  witli  sodium  n-butylate  at  100*.  The  reaction  was  begun  by  adding  a  solution 
of  the  dye  in  toluene  [in  the  case  of  dye  (Vl),  in  a  mixture  of  chlorobenzene  and  benzene  or  in  pyridine  and  in 
the  case  of  dye  (VII),  in  chlorobenzene]  to  a  solution  of  sodium  n-butylate  and  copper  acetate  in  butanol  and 
was  ended  by  the  addition  of  sulfuric  acid  solution.  1110  reaction  mass  was  tlien  diluted  with  benzene, 
washed  carefully  witli  water,  and  the  wash  waters  titrated  potentiometrically  with  silver  nitrate  solution  for 
determination  of  the  chlorine  ion  content  (see  Table  2  in  Experimental),  corresponding  to  the  degree  of  re¬ 
placement  of  chlorine  in  ilie  original  dye.  The  degree  of  replacement  found  in  this  way  was  checked  by  in¬ 
vestigation  of  the  reaction  products. 

Tlie  results  obtained  indicate  that  the  first  condition  for  replacement  of  a  halogen  atom  in  the  azo 
compounds  is  the  proximity  of  botli  the  halogen  atom  and  the  electron- donor  substituent  to  tlie  azo  group.  A 
chlorine  atom  in  a  position  ortho  to  the  azo  group  was  not  replaced  wheji  treated  wiUi  the  alcoholate  for  8  hours 
at  100"  in  cases  where  the  hydroxyl  group  was  in  a  position  para  to  it  [dye  (IV)j,  while  chlorine  atoms  in  the 
meta  and  para  positions  were  not  replaced  even  when  the  hydroxyl  group  was  in  the  ortho  position  [dyes  (II) 
and  (111)]. 

Then,  it  is  apparently  important  for  a  successful  reaction  that  the  electron- donor  substituent  in  the  position 
onho  to  the  azo  group  should  contain  a  labile  hydrogen  atom.  When  this  was  absent,  as  in  the  case  of  methoxyl 
and  butoxyl  groups  [dyes  (IX)  and  (X)],  replacement  of  tlie  halogen  occurred  to  an  insignificant  extent  (5-7%) 
during  prolonged  treatment  of  up  to  22  hours  at  100",  Thus,  tliere  ate  grounds  for  assuming  that  even  within  the 
given  limits,  replacement  occurs  in  a  dye  which  has  not  an  alkoxyl  group,  but  a  free  hydroxyl  group,  formed 
during  tlie  reaction  as  a  result  of  a  side  process,  namely,  dealkylation.  This  was  confirmed  to  some  extent  by 
the  fact  that  the  chlorine-free  product  from  the  reaction  of  2-chlorobenzeneazo-2’-methoxynaphthalene  [dye 
(1X3  with  sodium  butylate,  of  which  6%  was  isolated  from  the  reaction  mass  (i.e.,  in  an  amount  corresponding 
to  tlie  degree  of  leplacement,  determined  by  tlie  chlorine  eliminated),  was  found  to  be  2-butoxybenzeneazo-2*- 
naphthol,  i.e,,  a  compound  with  a  free  hydroxyl  group.  It  is  known  [1]  that  complex  formation  by  alkoxyazo 
dyes  witli  copper  is  frequently  accompanied  by  dealkylation.  The  probability  of  this  process  under  the  conditions 
of  our  experiments  is  also  indicated  by  our  observation  tiiat  under  these  conditions,  i.e.,  when  2-chlotobenzene- 
azo-2'-methoxynaphthalene  was  treated  with  sodium  n-butylate  in  the  presence  of  copper  acetate  for  8  hours  at 
100",  tlie  metliyl  residue  in  the  ether  group  was  replaced  by  butyl  to  form  2-chlorobenzeneazo-2'-butoxy- 
naphthalene  [dye  (X)];  we  cannot  exclude  the  possibility  tliat  during  this  transalkylation  of  the  alkoxyl  group, 
it  was  partially  dealkylated. 

The  third  factor  which  is  of  importance  in  the  replacement  of  halogen  in  azo  compounds  is  apparently  the 
capacity  of  the  electron- donor  substituent  with  the  labile  hydrogen  atom  to  exchange  the  latter  for  metal.  In 
the  case  of  a  hydroxyl  group  of  a  phenolic  nature  present  in  a  benzene  [dye  (V)]  and  a  naphtlialene  [dye  (I)] 
nucleus,  practically  complete  replacement  of  the  halogen  atom  by  tiie  alkoxyl  group  was  found  after  2  hours' 
treatment  with  alcoholate  at  100".  In  the  case  of  a  hydroxyl  group  of  an  enol  nature  [dye  (VIl)],  there  was  66% 
reaction  after  8  hours  at  the  same  temp)erature.  In  tlte  case  of  an  amino  group  [dye  (VIII)],  there  was  only  21% 
reaction  after  8  hours.  As  far  as  we  know,  the  replacement  of  chlorine  in  azo  dyes  with  such  azo  constituents 
as  the  arilide  of  a  fl  -  keto  acid  and  an  amine  was  achieved  for  the  first  time. 
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As  already  reported  [2,  3],  we  established  that  replacement  of  chlorine  in  azo  compounds  with  a  phenolic 
hydroxyl  group  as  tlie  electron- donor  subsutuent  by  an  alkoxyl  group  occurs  during  the  reaction  of  copper  com¬ 
plexes  of  tliese  compounds  with  alcoholates  in  tire  absence  of  a  free  copper  salt.  It  was  interesting  to  test  in 
this  respect  the  copper  complexes  of  dyes  with  an  enolic  hydroxyl  group  and  with  an  amino  group  as  the  electron- 
donor  substituents.  Unfortunately,  we  were  unable  to  obtain  the  complex  of  dye  (Vll)  in  a  crystalline  state.  As 
regards  the  copper  complex  of  dye  (VIII),  tire  reaction  with  it  in  the  absence  of  a  copper  salt  gave  exactly  the 
same  results  as  experiments  witli  the  free  dye  in  the  presence  of  a  copper  salt;  there  was  also  21%  replacement 
of  chlorine  after  8  hours  at  100*. 

A  somewhat  unexpected  result  was  obtained  witli  dye  (VI)  with  methylphcnylpyrazolonc  as  the  azo  com¬ 
ponent;  when  a  solution  of  the  dye  in  a  mixture  of  chlorobenzene  and  benzene  (2.5  ;1  by  volume)  was  treated 
witli  alcoholate  in  the  presence  of  copper  acetate  for  8  hours  at  100",  no  reaction  occurred  (chlorine  ions  were 
not  detected  in  the  reaction  medium  and  the  dye  was  recovered  quantitatively).  Assuming  that  under  the 
reaction  conditions  die  tautomeric  equilibrium 
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is  displaced  completely  toward  die  keto  form,  we  carried  out  experiments  widi  pyridine  as  die  solvent  in  view 
of  its  enolizing  action.  However,  die  result  obtained  was  die  same.  Since  dye  (VI)  readily  gives  a  copper  com¬ 
plex  and  an  enolic  hydroxyl  group  evidently  participates  in  die  formation  of  diis,  we  carried  out  the  reaction 
with  it  (under  the  same  conditions,  but  in  the  absence  of  free  copper  salt).  However,  no  replacement  of  chlorine 
was  detected  in  diis  case  eidier.  'fhis  example  apparently  deserves  furdier  study,  which  we  propose  to  make  in 
die  near  future. 

EXPERIMENTAL 

Starting  dyes  (I)  -  (IV),  (VI),  and  (VIII)  have  been  described  in  the  literature  (Table  l).  E>yes  (V)  and 
(VH)  were  obtained  by  diazotization  of  2-chloroanjline  and  coupling  with  p-cresol  and  acctoacetanilide, 
respectively. 


TABLE  1 
Starting  E>yes 


No. 

Diazo  component 

Azo  component 

Melting  point 

found 

literature  data 

(II) 

3-Chlotoaniline 

2-Naphthol 

161- IG  2"  (from  a  mixture  of 
benzene  +  methanol  2:1) 

158*  [4J 
155-157*  [5J 

(III) 

4-Chloroaniline 

The  same 

163-164.5*  (from  benzene) 

160*  [4] 

1  162.5*  [4] 

(I)  ' 

2-Chloroanilinc 

The  same 

167*  (from  a  mixture  of 
alcohol  +  chlorobenzene 

3:1) 

167*  [4] 

(IV) 

The  same 

1-Naphthol 

183-183.5*  (from  alcohol) 

184- 185.5* [6] 

(VI) 

Tlie  same 

1-  Phenyl-  3-  methyl- 
pyrazolone- 5 

189.5-190*  (from  a  mixture  of 
benzene  +  medianol  1  :l) 

188*  [7] 

(VHI) 

Tlie  same 

2-Naphthylamine 

155-156*  (from  benzene) 

151*  [8] 

2-Ch]oro-.'3*-metliyl-2*-hydroxya7.obcnzenc  [dye  (V)]  formed  dark  yellow  needles  witli  m.  p.  111-112.5* 
after  recrystallization  from  a  mixture  of  benzene  and  alcohol  (1 :3). 

Found  <70:  C  63.34,  63.29;  H  4.52,  4.57;  Cl  14.39,  14.40.  CigHuONjCl.  Calculated  C  63.29; 

II  4.49;  Cl  14.37. 

2-Chlorobcnzeneazoacetoacctanilide  [dye  (Vll)]  formed  light  yellov/  needles  with  m.  p.  159-159.2* 
after  recrystallization  from  a  mixture  of  benzene  and  metlianol  (1  ;2). 

Found  ^70:  C  60.86,  61.02;  H  4.33,  4.49;  N  13.28,  13.56.  Ci6Hi402N3Cl.  Calculated  C  60.86; 

H  4.46;  N  13.30. 

2-Clilorobenzeneazo-2*-metlioxynaphthalene  [dye  (IX)]  was  obtained  by  the  method  of  Charrier  and 
Ferrcri  I9j.  2-Chlorobenzencazo-2'-naphthol  [dye  (1)J  (1.41  g)  was  carefully  ground  witli  100  ml  of 
sodium  hydroxide  solution  and  tlie  suspension  obtained  heated  to  60*  in  a  flask  witli  a  reflux  condenser  and 
stirrer.  At  60-65*,  31.5  g  of  dimethyl  sulfate  was  added  and  the  temperature  raised  to  80-85*.  After  1  hour 
tlie  reaction  mass  was  diluted  with  200  ml  of  water  and  the  precipitate  collected,  washed  with  dilute  ammonia 
solution  and  then  water,  and  dried.  Tlie  weight  was  1.3  g  (87‘7«>).  After  recrystallization  from  methanol,  the 
product  formed  dark  red  prisms  with  m.  p.  123-124*. 

Found  <7o;  C  68.55,  68.53;  H  4.49,  4.49;  N  9.02,  9.13;  Cl  11.90,  11.92.  C17H13ON2CI. 

Calculated  <7o:  C  68.80;  H  4.41;  N  9.44;  Cl  11.95. 

2-Chlorobenzeneazo-2*-butoxynaphthalene  [dye  (X)]  was  obtained  by  transalkylation  of  dye  (IX)  (see 
belowj] 

Tlie  copper  complex  of  2-chlorobenzcneazo-2'-naphthylamine  [dye  (V111)J  was  obtained  by  Crippa's 
method  [lOj.  Dye  (Vlll)  (2.5  g)  was  dissolved  in  250  ml  of  boiling  alcohol  and  to  tlic  cooled  solution  was  added 
an  ammonia  solution  of  copper  sulfate,  prepared  by  dissolving  7.5  g  of  copper  sulfate  in  12.5  ml  of  ammonia 
solution  and  12.5  ml  of  water.  A  red- brown  precipitate  formed  Immediately.  The  mixture  was  heated  on  a 
water  batli  for  7  hours  and  tlien  cooled  and  the  precipitate  collected  and  washed  with  alcohol.  Black- green 
lustrous  platelets  were  obtained.  The  weight  was  2.4  g  (86‘7o)  and  the  m.  p.  128-133*  (decomp.),  which 
corresponds  to  the  data  in  [llj  for  2-(o-chlorophcnyl)-naphtho-l’,2' ; 4, 5- triazole,  formed  by  heating  the  copper 
complex  of  2- chlorobenzeneazo-2’-napht]iy famine. 

Copper  complex  of  2-chlorobenzene- (l-azo-4*)-l*-phcnyl-3*-methylpyrazolone-5  [dye  (VI)].  The 
amounts  of  reagent  were  as  in  the  previous  case,  but  100  ml  of  dioxane  was  used  instead  of  alcohol.  The  mixture 
was  heated  for  2  hours  on  a  water  bath  and  uie  precipitate  which  formed  when  the  mixture  was  cooled  was 
collected  and  washed  with  dilute  ammonia,  water,  and  hot  methanol.  We  obtained  2.5  g  (90%)  of  violet  plate¬ 
lets  with  m.  p.  254-256®;  according  to  data  in  [12J,  m.  p.  263*  (decomp,). 

Reaction  of  azo  dyes  with  sodium  butylate.  An  experiment  with  dye  0)  is  described.  To  a  solution  of 
sodium  butylate,  prepared  by  the  reaction  of  0.17  g  of  sodium  witli  10  ml  of  n-butanol  (b.  p,  117*),  heated 
to  100*  was  added  a  mixture  of  solutions  of  0.25  g  of  copper  acetate  in  40  ml  of  n-butyl  alcohol  and  0.7  g  of 
dye  (1)  in  50  ml  of  toluene,  Tne  mixture  obtained  was  heated  for  2  hours  at  100*  with  stirring  and  then  35  ml 
of  10%  sulfuric  acid  (free  from  chlorine  ions)  was  added  and  stirring  continued  for  a  further  10  minutes.  The 
reaction  mixture  was  carefully  transfened  to  a  separating  funnel,  diluted  with  100  ml  of  benzene,  and  washed 
several  times  witli  distilled  water  (chlorine  ions  were  absent  from  a  control  wash).  The  wash  solutions  were 
collected  in  a  500- ml  measuiing  flask  and  diluted  to  the  mark  with  distilled  water,  a  sample  taken  with  a 
10- ml  pipette,  and  the  chlorine  titrated  potentiometrically  with  0.01  N  silver  nitrate  solution  (with  silver  and 
calomel  electrodes  .and  a  P-4  potentiometer).  The  consumption  of  0.01  N  AgN03  in  parallel  titrations  was 
4.98  and  4.97  ml  and  the  average  4.975  ml,  which  corresponds  to  a  chlorine  ion  content  in  the  reaction  mass 
(i.e„  replaced  chlorine)  of  99.5%  relative  to  the  chlorine  content  of  the  starting  dye  (1). 

The  results  of  the  other  experiments  are  given  in  Table  2. 

For  isolation  of  tlie  reaction  products,  the  reaction  mass  after  the  chlorine  ions  had  been  washed  out  was 
dried  with  anhydrous  sodium  sulfate,  evaporated  in  vacuum  to  3-5  ml,  and  left  overnight.  The  precipitate  was 
collected,  washed  with  a  small  amount  of  cold  alcohol,  and  recrystallized  from  suitable  solvents.  The  filtrate 
was  evaporated  to  dryness  in  vacuum  and  the  residue  also  purified  by  recrystallization.  The  total  amounts  of 
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•  The  amounts  of  sodium,  n- butyl  alcohol,  copper  acetate,  sulfuric  acid,  and  benzene  for  dilution  of  the  reaction  mass  and  the  capacities  of  the 
measuring  flask  and  pipette  were  as  in  the  experiment  with  dye  (1)  (see  text). 


products  isolated  are  given  in  Table  2.  Tlie  products  were  checked  for  chlorine  content  (Bcilsteln  test)  and 
identified;  in  experiments  with  dyes  (II),  (III),  (IV),  and  (VI)  and  the  copper  complex  of  dye  (VI)  they  were 
identified  by  mixed  melting  points  witlr  the  corresponding  starting  dyes;  in  the  experiment  with  dye  (I),  the 
product  was  identified  by  a  ntixed  melting  point  with  authentic  butoxy-substituted  dye. 

In  the  experiment  with  dye  (V),  we  obtained  0.7  g  (lOO^^o)  of  the  butoxy-substituted  dye  (2-butoxy-5’- 
methy]-2’-hydtoxyazobenzene),  which  formed  fine  red  needles  with  m.  p.  83.5-84,0"  after  recrystallization 
from  alcohol.  Chlorine  was  absent. 

Found '7o:  N  9.73,  9.82.  C^HjoOzNj.  Calculated  *70:  N  9.85. 

In  the  experiment  witli  dye  (VII)  we  obtained  0.47  g  (63%)  of  the  butoxy-substituted  dye  (2-butoxy- 
benzencazoacetoacetanilide)  and  after  five  recrystallizations  from  a  mixture  of  methanol  and  benzene  (2;l), 
it  formed  yellow  needles  with  m.  p.  14G.7-147.3*.  Chlorine  was  absent. 

Found  %:  C  67.86,  68.10;  H  6.62,  7.73;  N  11.89,  11.81.  C20H23O3N3.  Calculated  %:  C  68.25; 

H  6.56;  N  11.89. 

In  experiment  with  dye  (IX),  the  reaction  mixture  was  dried  wltli  sodium  sulfate  and  evaporated  almost 
to  dryness  in  vacuum  and  1  ml  of  methanol  added  to  the  viscous  mass  obtained.  The  substance  then  crystallized 
and  tlie  crystals  were  collected,  washed  v.ith  a  small  amount  of  metlianol,  and  dried.  The  weight  was  0,62  g. 
After  recrystallization  from  methanol,  the  substance  formed  lustrous,  dark  cherry  needles  with  m.  p.  65.5-66.5*. 
The  filtrate  was  evaporated  to  dryness  and  the  remaining  dark  brown  viscous  mass  (0.3  g)  dissolved  In  benzene 
and  chromatographed  on  alumina.  We  obtained  0.11  g  of  a  substance  which  formed  darlt  cherry  needles  with 
m.  p.  64.5-65.5°  and  which  did  not  depress  the  melting  point  of  tlie  main  material, and  a  substance  which 
formed  fine  red-orange  needles  with  m.  p.  115.5-117",  which  did  not  depress  the  melting  point  of  2-butoxy- 
benzeneazo-2*-naphthol.  We  obtained  0.05  g  (6.2%  of  tlie  starting  2-chlorobenzeneazo-2’-methoxynaphthalene) 
of  2-  butoxybenzeneazo-  2*-  naphthalene. 

The  substance  with  m.  p.  65.5-66.5"  contained  chlorine  and  was  insoluble  in  aqueous  caustic  alkali.  In 
elementary  composition  it  corresponded  to  2- chlorobenzeneazo- 2*- butoxy naphthalene. 

Found  %:  C  71.09,  71.01;  H  5.52,  5.43;  N  8.49,  8.38;  Cl  10.15.  CjoHijONjCl.  Calculated  %; 

C  70.89;  H  5.65;  N  8.26;  Cl  10.46. 

We  obtained  a  total  of  0.73  g  (87%  of  the  starting  2- chlorobenzeneazo- 2'- methoxynaphthalene)  of 
2- chlorobenzeneazo- 2*- butoxynaphthalene. 


SUMMARY 

1.  We  studied  the  reaction  (in  the  presence  of  copper  salts)  of  sodium  n-butylate  with  chlorine- containing 
azo  compounds,  differing  in  tlie  position  of  the  chlorine  atom  and  the  electron- donor  substituent  relative  to  the 
azo  group,  and  also  in  the  nature  of  the  electron- donor  substituent. 

2.  It  was  established  tliat  replacement  of  die  halogen  atom  in  azo  compounds  occurs  only  when  both  the 
halogen  atom  and  the  electron- donor  substituent  are  close  (in  the  ortho  position)  to  the  azo  group  and  when 
the  electron- donor  substituent  contains  a  labile  hydrogen  atom;  the  reaction  then  occurs  more  readily,  the  more 
readily  this  hydrogen  is  replaced  by  metal, 

3.  It  was  shown  that  the  halogen  atom  may  be  replaced  in  azo  dyes  with  arllides  of  5-keto  acids  and 
amines  as  the  azo  component. 

4.  It  was  found  diat  the  halogen  atom  is  replaced  by  an  alkoxyl  group  during  the  reaction  of  the  copper 
complex  of  an  o-halo-o*-aminoazo  dye  with  alcoholate  in  the  absence  of  free  copper  salt. 

5.  It  was  found  diat  when  an  azo  dye  containing  a  methoxyl  group  in  the  naphthalene  nucleus  ortho  to  the 
azo  group  is  heated  with  sodium  butylate  in  the  presence  of  a  copper  salt,  the  methyl  residue  in  the  ether  group 
is  replaced  by  a  butyl  residue,  l.e.,  there  is  transalkylation  of  the  alkoxyl  group. 
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Di-(2-dimetliylamino-5-pyridyl)-methane,  whose  syntliesis  was  first  described  in  [1],  gives  a  red  color 
with  hot  concentrated  sulfuric  acid  [2J.  The  reason  for  tlie  appearance  of  this  color  has  not  been  studied  by 
anyone,  though  the  elucidation  of  the  mechanism  \%’liereby  it  arises  is  undoubtedly  of  interest. 

It  is  now  well-known  [3-5J  that  the  appearance  of  color  during  the  solution  of  colorless  aromatic  carbinols 
in  concentrated  sulfuric  acid  is  connected  with  the  formation  of  carbonium  salts,  the  cation  of  which  is  the  color 
carrier. 

(QM:,)3C0I1  -f  £112504  ((C<jn5)3Cl"  +  2HSO4-  -b  H3O+ 


Tlie  literature  contains  more  than  one  report  of  the  appearance  of  color  during  the  solution  of  some 
aromatic  derivatives  of  metliane  in  concentrated  sulfuric  acid  [6-9]. 

As  a  result  of  our  investigations  [10-12]  it  was  possible  to  establish  that  the  reaction  between  aromatic 
derivatives  of  methane  and  strong  protonic  acids  also  proceeds  by  a  type  of  acid- base  interaction,  causing  the 
formation  of  corresponding  carbonium  salts. 


HO 


H(R,Arl 

VOH  +  HX 

'  '  I 

H(R,Ar) 


H(R.Ar) 


H(R,A0 


♦-  X  ♦  CgHjOH 


The  appearance  of  color  during  the  solution  of  di-(2-dimethylamino-5-pyridyl)- methane  in  hot  con¬ 
centrated  sulfuric  acid  and,  as  we  established,  its  disappearance  on  dilution  witli  water  indicate  tlie  halochromlc 
nature  of  this  phenomenon,  i.e.,  the  formation  of  a  carbonium  salt.  As  follows  from  the  data  presented  above 
for  aromatic  derivatives,  the  formation  of  a  carbonium  salt  from  the  given  heterocyclic  compound  may  proceed 
in  two  possible  directions.  According  to  one  of  these,  the  carbonium  salt  may  form  due  to  cleavage  of  molecules 
of  the  heterocyclic  derivative  at  the  methane  bond.  Tlie  second  direction  may  be  connected  with  oxidation  of 
this  compound  to  corresponding  carbinol  and  subsequent  salt  formation.  To  determine  the  actual  reason  for 
color  formation,  we  undertook  a  spectrophotometric  investigation  of  this  phenomenon. 

In  the  formation  of  a  carbonium  salt  in  the  first  direction,  there  should  be  similarity  between  the  ab¬ 
sorption  curves  of  sulfuric  acid  solutions  of  di-(2-dimethylamino-5-pyridyl)- methane  and  2-dimethylamino- 
5-  pyridylcarbinol.* 


•  In  order  to  simplify  the  interpretation  of  the  basic  process,  in  describing  the  reactions  we  omit  salt  formation 
at  the  nitrogen  atoms. 
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CII3 


/  \n_/  N]/  ^CVh 


CH 


ClI., 

CH 


:>-o- 


CH3 


CH2011 
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+  SO4H-: 


1 1, SO. 


CHg^ 


3\ 

>- 


\ 


■\ 


N- 


-CJIs 


+  SO4II- 


With  the  process  going  in  the  second  direction,  a  similar  picture  should  be  obtained  with  the  absorption 
curve  of  a  sulfuric  acid  solutioti  of  di-(2-dirnethylamino-5“pyridyi)-carbinol. 


CH 


.C\h 


CH3 
CH 


'^\nj _ \ _ ru  _ /  \ _ [s]/ 

/  \n_/  *  \-n/  \cii, 

CHr, 


II, SO. 

+ 


+  S04H- 


CH 

CH3 


CH3'  ^N— /  N'  \cH3 

3\  / - \  / - \  H.sn. 

>-CHOH-<  >-N<  - 

/  \N— /  \C 


CH3K  / V  / y 

\n_/  >-ch-<  >-n/ 

CH3/  \N— /  \~N/  ^CHn 


"CH3 

-CH3 


f SO4H- 


By  measuring  the  absorption  spectra  of  alcohol  and  sulfuric  acid  solutions  of  2-dimethylamino-5-pyridyI- 
carbinol,  di-(dimetliylamino-5-pyridyl)-carbinol,  and  di-(2-dimethylamino-5-pyridyl)-metlianc  it  was  found 
tliat  the  absorption  spectrum  of  an  acid  solution  of  the  first  compound  (Fig.  1)  differed  little  from  that  in  alcohol, 
while  for  the  second  compound  (Fig.  2),  there  was  a  considerable  difference  between  the  curves  of  acid  and 
alcohol  solutions.  A  similar  substantial  difference  was  observed  between  the  curves  of  the  heterocyclic  derivative 
of  methane  (Fig.  3). 


Fig.  1.  Absorption  spectra  of  2-di- 
methylamino-  5-  pyridy  Icarbinol. 

1)  In  C2HSOII;  2)  in  concentrated 

H2SO4. 


Fig.  2.  Absorption  spectra  of  di-(2- di¬ 
me  tliylamino- 5- pyridy  l)-carbinol. 

1)  In  C2II6OH:  2)  in  concentrated 
H2SO4. 


On  comparing  tlie  absorption  curves  of  acid  solutions  of  all  these  compounds,  we  see  (Fig.  4)  that  2-di- 
metliylamino- .5- pyridy  Icarbinol  does  not  have  selective  absorption  in  tlie  visible  region  of  the  spectmm.  In 
this  region  of  the  spectrum,  di-(2-dimetliylamino-5-pyridyl)-carbinol  and  di-(2-dimcthylamino-5-pyridyl)- 
methane  have  well-expressed  absorption  bands  witli  identical  values  of  Xniax*  different  intensities. 

From  these  data  it  follows  that  the  appearance  of  color  in  a  hot  sulfuric  acid  solution  of  di-(2-dimetltyl- 
amino-5-pyridyl)-metliane  is  not  connected  witli  cleavage  of  its  molecule,  but  is  the  result  of  oxidation  and 
tlie  formation  of  the  corresponding  dipyridylcarbonium  salt. 
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Simple  calculation  from  the  value  of  c  of  tlie  absorption  band  maxima  in  the  visible  part  of  the  spectrum 
showed  that  about  2%  of  the  total  amount  of  dissolved  di-(2-dimethylamino-5-pyridyl)-methane  was  oxidized 
in  this  solution. 


Fig.  3.  Absorption  spectra  of  di-(2-di- 
mctliy  lamino-  5-  pyridyl)-  methane. 

1)  In  C2H5OH;  2)  in  concentrated 
H^O^. 


Fig.  4.  Absorption  spectra  in  concentrated 
H2S04.  1)  Di-(2-dimethylamino-5- 
pyridyl)- methane;  2)  2-dimethylamino- 
5-pyridylcarbinol;  3)  di- (2- dimethyl- 
amino-  5-pytidyl)-carbinol, 


In  out  opinion,  cleavage  of  a  C-C  bond  did  not  occur  because  salt  formation  at  all  the  nitrogen  atoms 
of  di-( 2- dimethylamino- 5- pyridyl)- methane  considerably  weakens  the  basicity  of  the  methane  carbon,  which 
plays  a  decisive  role  in  tliis  direction  of  acid— base  interaction  [10-12]. 

The  compounds  needed  for  this  investigation  were  synthesized  and  purified  by  methods  described  in  the 
literature  [2,  13, 14]. 


SUMMARY 

1.  A  spectrophotometric  investigation  was  made  of  alcohol  and  sulfuric  acid  solutions  of  2-di:iiethyl- 
amino-5-pyridylcarbinol,  di-(2-dimeihylamino-5-pytidyl)-carbinol,  and  di-( 2- dimethylamino- 5- pyridyl)- 
methane. 

2.  From  the  absorption  spectra  of  acid  solutions  of  these  compounds  it  was  established  that  the  appearance 
of  the  red  color  during  tlie  solution  of  di- (2- dimethylamino- 5- pyridyl)- methane  in  hot  sulfuric  acid  is  connected 
with  the  formation  of  the  corresponding  dipyridylcarbonium  salt. 

LITERATURE  CITED 

1.  A.  Chichibabin  and  I.  Knunyants,  Bet.  3048  (1929). 

2.  1.  L.  Knunyants  and  V.  M.  Berezov  kii.  Synthetic  Organic  Preparations  [in  Russian]  (1950),  Vol.  1,  p.  49. 

3.  L.  P.  Hammett  and  A.  J.  Deyrup,  J.  Am.  Qiem,  Soc.  1900  (1933). 

4.  L.  P.  Hammett,  Physical  Organic  Chemistry  (New  Jersey,  1940),  p.  54. 

5.  V.  F.  Lavrushin,  Zhur.  Obshch.  Khim.  2^,  2697  (1956).* 

6.  E.  ter  Meet,  Ber.  7,  1200  (1874). 


•  Original  Russian  pagination.  See  C.  B.  translation. 


1389 


7.  A,  Dianin,  Zhur.  Russ,  Fiz.  Kliim.  Obshchest.  488  (1891). 

8.  A.  Bayer  and  V.  Vllliger,  Bcr.  1189  a902). 

9.  D.  Boyd  and  D.  Hardy,  I.  Chem.  Soc.  (1928),  p.  630. 

10.  V.  F.  Uvrushin,  Izvest.  Akad.  Nauk  SSSR,  Otdel.  Fiz.  Nauk  723  (1953). 

11.  V.  F.  Uvriisbln,  Doklady  Akad.  Nauk  SSSR  309  (1952). 

12.  V.  F.  Uvrusliln,  IXiklady  Akad.  Nauk  SSSR  809  (1954). 

13.  A.  I.  Titov  and  A.  N.  Baryshnikova,  Zhur.  Obshch.  Khlm.  293  (1953).* 

14.  I.  L.  Knunyants  and  V.  M.  Berezovskii,  Zhur.  Obshch.  Khim.  779  (1948). 


*  Original  Russian  pagination.  See  C.  B,  translation. 


1390 


SPECTRA  AND  HALOCHROMISM  OF  SOME  UNSATURATED 


ALIPHATIC  ALCOHOLS 

V.  F.  Lavrushin  and  N.  N.  Verkhovod 
Khar'kov  State  University 

Translated  from  Zhurnal  Obshchel  Khimli,  Vol.  30,  No.  4,  pp.  1360-1362,  April,  1960 
Original  article  submitted  April  10,  1959 


In  a  series  of  papers  [1-3]  we  reported  a  study  of  tlte  spectra  and  halochtomlsm  of  saturated  alicyclic  and 
aliphatic  alcohols.  It  was  established  tliat  these  compounds  give  colored  solutions  witli  concentrated  sulfuric 
acid,  which  are  decolorized  by  dilution  with  water.  A  study  of  the  absorption  spectra  of  their  sulfuric  acid 
solutions  sho\'.ed  that  they  have  similar  absorption  curves  with  an  intense  band  in  tlte  region  of  3000  A  and  a 
long- wave  inflection  extending  into  the  visible  part  of  tlie  spectrum. 

The  literature  contains  reports  of  only  a  few  cases  of  the  appearance  of  color  during  the  reaction  of  some 
unsaturated  alcohols  with  acids  [4-6].  We  undenook  a  study  of  the  behavior  toward  various  acids  of  oleiinic 
alcohols  with  the  dottble  bond  conjugated  with  the  carbinol  function  and  also  a  study  of  the  absorption  spectra 
of  tlicir  acid  solutions.  For  this  purpose,  wc  prepared  2-metliyipenten-2-ol-4,  2,4-dimethylhexen-2-ol-4,  and 
2-  methyl-  3-  etliylpenten- 1-  ol-  3. 


Fig.  1,  Absorption  spectra.  In  con¬ 
centrated  H2SO4:  1)  2-methyl- 
penten- 2-01-4;  2)  2,4-dimethyl- 
hexen- 2-01-4;  3)  2- methyl- 3- 
ethy  Ipenten- 1-  ol-  3, 


Fig.  2.  Absorption  spectra  of  2-mediyl- 
penten-2-ol-4.  1)  30‘7<>H2SO4  in 
CH3COOH;  2)  20«7o  HCl  in  CgHgOH; 

3)  90'7o  CCI3COOH;  4)  30*70  H3PO4 
in  CH3COOH. 


When  all  these  olcfinic  alcohols  were  dissolved  in  concentrated  sulfuric  acid,  a  yellow-orange  color 
appeared  immediately  and  this  disappeared  on  dilution  with  alcohol  or  water.  A  study  of  their  behavior  toward 
other  acids  showed  that  these  alcohols,  in  contrast  to  saturated  tertiary  alcohols,  readily  form  colored  solutions 
in  sulfuric  and  phosphoric  acids  diluted  with  glacial  acetic  acid,  in  an  alcohol  solution  of  hydrogen  chloride, 
and  in  trichloroacetic  acid.  The  yellow-orange  color  thus  produced  rapidly  deepened  very  strongly.  Dilution 
of  all  these  solutions  with  alcohol  or  water  also  led  to  disappearance  of  die  color. 
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Measurement  of  tlie  absorption  spectra  of  acid  solutions  of  olefinic  alcohols  led  us  to  extremely  interesting 
results.  First,  it  was  found  tliat  concentrated  sulfuric  acid  solutions  of  all  tlie  alcohols  gave  the  same  type  of 
absorption  as  saturated  alicyclic  and  aliphatic  alcohols  witli  a  band  in  tlie  middle  ultraviolet  region  and  an  in¬ 
flection  in  the  visible  part  of  the  spectrum  (Fig.  l).  Secondly,  it  was  found  that  tlie  light  absorption  by  solutions 
of  tliese  alcohols  in  other  acids  is  extremely  complex  (Figs.  2-4).  As  the  figures  presented  show,  in  addition  to 
tlie  absorption  band  in  tlie  middle  ultraviolet  region,  tlie  curves  of  dilute  sulfuric  acid  solutions  showed  a  furtlier 
series  of  more  or  less  clearly  expressed  bands.  Almost  all  tliese  bands  were  repeated  on  die  absorption  curves  of 
the  other  acid  solutions. 

Tlie  difference  in  the  absorption  spectra  of  solutions  of  olefinic  alcohols  in  concentrated  sulfuric  acid  and 
ilute  acids  is  undoubtedly  connected  widi  die  different  nature  of  the  reaction  between  die  acids  and  the  alcohols. 


Fig,  3,  Absorption  spectra  of  2,4-dimethyl- 
hexen-2-ol-4.  1)  30*70  il2S04  in  QlgCCX^H; 
2)  20*70  HCl  in  C2H5OH;  3)  90*7o  CCI3COOH; 
4)  30*7o  H3PO4  in  CH3COOH. 


Fig.  4.  Absorption  spectra  of  2-methyl-3- 
ethylpenten-l-ol-3.  l)  SO'T’ H2S04  in 
aiaCOGlI;  2)  20<7o  HCl  in  CgHsOH; 

3)  90^70  CCI3COOH:  4)  30%H3PO4in 
aiaCCXDH. 


Since  unsaturated  alcohols  in  concentrated  sulfuric  acidgivethe  same  type  of  absorption  as  saturated  tertiary 
alcohols  and  diisobutylene  [1-3],  it  can  be  assumed  that  in  diis  case  there  are  simultaneously  an  acid  — base 
interaction  at  the  carbinol  function  and  protonization  of  die  double  bond,  resulting  in  die  formation  of  dicar- 
boniuiTi  ions,  for  example: 


OH 

CH:,-C=CH-C-C2H5  +  2112804 
I  I 

CH3  CH3 


CHn-C-CHa-C-QjH., 

I  I 

CII3  Cl  la 


++ 


-f  2HSO4-  +  H2O. 


As  we  established,  saturated  tertiary  alcohols  and  diisobutylene  do  not  give  any  color  with  dilute  sulfuric 
acid  or  the  other  dilute  acids  used  in  the  present  investigation.  Nonedieless,  all  our  unsaturated  alcohols  formed 
deeply  colored  solutions  under  dxese  conditions.  It  is  probable  diat  in  diese  alcohols  the  basicity  of  die  carbinol 
group  is  considerably  increased  by  the  action  of  the  radicals  witli  a  double  bond  and  therefore  the  acid  —  base 
interaction  widi  dilute  and  weaker  acids  becomes  possible,  for  example; 


OH 

CH3-C  =  CH-C-C,H.  f  HX 
I  I  *  * 

CH,  CHj 


CH3-C=^^-C- 
I  I 

CHj  CH, 


-.4 


CjHj 


+  X“  +  HjO 


Since  the  double  bond  is  not  touched  in  diis  process,  the  appearance  of  a  positive  charge  on  the  carbon  atom 
produces  strong  conjugation  with  the  olefinic  radical.  The  formation  of  a  conjugated  carbonium  cation  is  apparently 
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the  reason  for  such  deep  coloration  of  dilute  acid  solutions.  Thus,  in  our  opinion,  the  two  types  of  absorption 
spectra  observed  in  the  investigation  for  solutions  of  unsaturated  alcohols  in  concentrated  sulfuric  acid  and  in 
dilute  acids  is  caused  by  tlie  different  structure  of  tlie  cations  formed  during  the  reaction  of  alcohols  with  acids, 

Tlie  unsaturated  alcohols  required  for  the  investigation  were  synthesized  and  purified  by  methods  described 
in  tlie  literature  [7-9J.  The  absorption  spectra  were  measured  on  a  nonrecording  SF-4  spectrophotometer  and  on 
a  recording  SF-2m  spectrophotometer. 


SUMMARY 

1.  We  studied  the  absorption  spectra  of  solutions  of  2-methylpenten-2-ol-4,  2,4-dimetliylIiexen-2-ol-4, 
and  2-methyl-3-ediylpenten-l-ol-3  in  concentrated  sulfuric  acid,  in  sulfuric  and  phosphoric  acids  diluted  with 
glacial  acetic  acid,  in  an  alcohol  solution  of  hydrogen  chloride,  and  in  trichloroacetic  acid, 

2.  It  was  established  that  all  the  unsaturated  alcohols  studied  give  two  types  of  absorption  spectra  in  con¬ 
centrated  acid  and  in  dilute  acids. 

3.  It  is  proposed  ihat  the  two  types  of  absorption  spectra  observed  for  solutions  of  unsaturated  alcohols 
in  different  acids  are  caused  by  the  different  structure  of  the  cations  of  the  carbonium  salts  formed. 
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DIRECT  AMINATION  OF  BENZTHIAZOLE  DERIVATIVES 


II.  AMINATION  OF  NITROBENZTHIAZOITS 

R.  P.  Vel’tman 

Ukrainian  Scientific  Researcli  Institute  of  Tuberculosis 

Translated  from  Zhurnal  Obshchei  Kliiniii,  Vol.  30,  No.  4,  pp.  1363-13C6,  April,  1960 

Original  article  submitted  April  13,  1959 

In  a  previous  communication  [Ij  it  was  shown  that  when  treated  with  hydroxylamine,  5- methyl-,  5-amino-, 
and  5-carboxybenztliiazoles  form  the  corresponding  2-amino  derivatives.  The  reaction  was  carried  out  in  an 
aqueous  medium  witli  the  equivalent  amount  of  hydroxylamine  or  a  molar  excess  of  it  [2J.  5-Nitrobcnzthiazole 
did  not  react  under  tliese  conditions. 

In  the  amination  of  G-nitrobenzihiazole  witli  a  large  excess  of  hydroxylamine  (10  moles  per  mole  of 
nltrobenztliiazole)  in  alcohol,  a  quantitative  yield  of  2- amino-6- nitrobenzthiazole  was  obtained  [3j. 

By  using  ilic  reaction  conditions  repotted  by  tlie  authors  for  tlie  amination  of  isomeric  nitrobcnztliiazoles, 
we  obtained  2- amino-6- niirobenztliiazole  in  91%  yield,  2- amino- 5- nltrobenztliiazole  in  54%  yield,  and  2- 
amino-4- nitrobenzthiazole  in  23%  yield.  7- Niirobenztliiazole  could  not  be  aminated;  when  die  reaction  was 
carried  out  in  96%  alcoliol,  the  starting  7- nitrobenzthiazole  was  recovered,  while  if  diluted  alcohol  was  used, 
in  addition  to  7-nitrobenzduazolc,  we  isolated  an  amino  product  with  a  low  melting  point,  which  was  apparently 
7-aminobenztiiiazole.  The  yield  of  die  latter  was  insignificant. 

Tlie  starting  5- nitrobenzthiazole  was  obtained  from  1-formylamino- 2- bromo- 5- nitrobenzene.  The  re¬ 
maining  isomers  of  nitrobenzthiazole  were  obtained  by  nitration  of  benziliiazole  widi  a  mixture  of  nitric  and 
sulfuric  acids  [4]. 

By  a  study  of  die  effect  of  different  temperatures  on  die  nitration  of  benzdiiazole  it  was  shown  that  in 
addition  to  the  main  reaction  product,  namely,  6-nitrobenzdiiazole,  7-nitrobcnzdiiazole  was  formed  [5j.  It  was 
also  found  diat  at  0*,  62%  of  6-nitrobenzdiiazoIe  with  m.  p,  170-172*  and  9.1%  of  7-nitrobenzdiiazole  widi 
ni.  p.  150-154"  were  formed  [6J, 

Then  it  has  been  reported  that  the  nitration  of  benzdiiazole  at  35"  gives  4-nitrobenzdiiazole  (m.  p.  135") 
in  addition  to  6-nitrobenzdiiazole  (m.  p.  174")  [7J.  Tlie  structure  of  the  isomers  obtained  was  not  demonstrated 
satisfactorily  in  any  of  the  papers  mentioned. 

We  carried  out  the  nitration  at  6-8"  and  at  15-25*.  The  total  yield  of  nitration  products  was  85-91%. 
Individual  isomers  were  isolated  from  this  mixture  by  repeated  recrystallization  from  medianol,  ethanol,  benzene, 
and  water  (see  Table  l). 

In  addition,  at  15-25"  we  obtained  a  small  amount  of  polynitro  compound  widi  m.  p.  190",  which  we  did 
not  investigate. 

For  a  more  precise  determination  of  the  position  of  the  nitro  group,  we  determined  die  ultraviolet  absorption 
spectra  of  diese  compounds  and  compared  diem  widi  those  of  2-metliylnitrobenzduazoles,  whose  structures  have 
been  determined  unequivocally  [8J.  llie  data  obtained  are  presented  in  Table  2. 
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TABLE  1 

Nitration  Products  of  Benztliiazole  (at  6-8*) 


Isomer 

Yield 

Melting  point 

Formula 

N 

(in  ^o) 

found 

calculated 

4- Nitrobenzthiazole 

6-  Nitrobenzthiazole 

13 

50 

105-106* 

174* 

C7H4O2N2S 

15.05,  14.87 

15.12 

7-Nitrobcnztliiazole 

7 

153-154* 

C7H4O2N  2S 

15.13,  14.96 

15.12 

TABLE  2 


Ultraviolet  Absorption  Maxima  of  Nitrobcnzthiazoles  and  2-Methylnitrobenzthiazolcs 


Nitro  derivatives  of  benztliiazole 

^max 

Nitro  derivatives  of  2-meihyl- 
benztliiazole  * 

4-Nitrobenztliiazole  (m,  p.  105*) 

292 

298 

4-  Nitro-  2-  metliylbenztliiazole 

5-  Nitrobenztliiazole 

290 

292 

5-  Nitro-  2-  mediylbenzthiazole 

6-  Nitrobenztliiazole 

285 

293 

6- Nitro-  2- metliylbenztliiazole 

7-Nitrohcnztliiazole  (m.  p.  154*) 

310  I 

308  1 

7- Nitro-  2-  mediylbenzthiazole 

Data  of  E.  D.  Sych  (private  communication). 


As  tile  data  presented  in  Table  2  show,  the  absorption  maximum  of  the  nitrobenzthiazole  with  m.  p.  154* 
is  considerably  displaced  toward  long  wavclengdis,  as  occurs  witli  2- methyl- 7- nitrobenzthiazole;  this  compound 

is  apparently  7- nitrobenzthiazole.  Consequently,  the  compound 
Igt  t  with  m.  p.  105*  is  4- nitrobenzthiazole.  The  ultraviolet  ab¬ 

sorption  curves  of  nitrobcnzdiiazoles  are  given  in  the  figure. 

Tile  reduction  of  4-  and  7- nitrobcnzthiazoles  with 
stannous  chloride  in  hydrochloric  acid  yielded  4- amino  - 
benzthiazole  with  m.  p.  122*  (from  water)  and  7-amino- 
benzdiiazole  witli  m.  p.  123*  (from  water)  [5j.  Their  acetyl 
derivatives  w’ere  prepared  (melting  points  160  and  178*, 
respectively), 

EXPERIMENTAL 

Nitration  of  benzthiazole.  Into  a  diree- necked  flask 
fitted  widi  a  mechanical  stirrer,  dropping  funnel,  and  ther¬ 
mometer  was  placed  156  ml  of  concentrated  sulfuric  acid. 

Widt  external  coding  and  stirring,  78  g  of  benzthiazole  (ob¬ 
tained  by  treating  2-mercaptobenzthiazole  with  hydrogen 
peroxide)  [9]  was  added  and  then  78  ml  of  fuming  nitric  acid 
(d  1,5)  was  introduced  dropwise  at  sucli  a  rate  that  the  tem¬ 
perature  of  the  reaction  mixture  was  6-8*  (the  addition  required 
2  hours).  When  tlie  nitric  acid  had  been  added,  the  reaction 


Ultraviolet  absorption  curves.  1)  4-Nitro- 
benztliiazole;  2)  5- nitrobenzthiazole; 

3)  6- nitrobenzthiazole;  4)  7- nitro¬ 
benzthiazole. 


mass  was  kept  at  8*  for  2  hours  and  then  pouted  into  ice  water.  After  15-20  minutes,  tlie  pale  yellow,  curdy 
precipitate  was  collected,  v/ashed  with  water,  and  dried  in  air.  The  nitration  product  yield  was  88  g  (85  %) 
and  the  m.  p.  95-151*.  For  separation  of  the  mixture  of  nitrobenzthiazole  isomers,  the  product  was  boiled  with 
10  times  the  amount  of  methanol  and  the  mixture  filtered  hot.  The  bulk  of  the  6- nitrobenzthiazole  remained 
undissolved.  Recrystallization  from  a  large  volume  of  metlianol  or  etlianol  yielded  pure  6-nitrobenzthia2ole 
with  m.  p,  174*. 


Oil  cooling,  the  metlianol  solution  deposited  a  mixture  of  isomers  and  repeated  recr)'Stallization  of  this 
from  rnctlianol,  ethanol,  and  benzene  yielded  some  more  G-nitrobenztliiazole,  7-nitrobenztliiazole  (m.  p. 
153-154*),  and  a  little  4-nitrobcnztluazole  (m.  p.  105-106*).  After  evaporation  of  tlte  metlianol  motlier 
liquor  to  small  volume,  tlie  bulk  of  the  4-nitrobenzthiazole  separated  as  a  pale  yellow,  low-melting  substance. 

It  was  extracted  with  boiling  water  and  recrystallized  from  aqueous  alcohol.  The  yield  of  purified  isomers  was 
50%  of  6-nitrobcnztlaiazole,  13%  of  4-nitrobcnztliiazole,  and  7%  of  7-nitrobcnztliiazole. 

4-Nitrobenzthiazole  formed  pale  yellow  needles  from  water.  It  was  soluble  in  metlianol,  ethanol, 
benzene,  and  hot  water  and  sparingly  soluble  in  cold  water.  When  treated  with  stannous  chloride  in  hydrochloric 
acid  it  was  converted  to  4-aniinobciizthiazole,  wiiicli  formed  coarse,  colorless  needles  witlt  m.  p.  122*.  The 
acetyl  derivative  was  obtained  by  heating  a  benzene  solution  of  tlie  amine  with  acetic  anhydride.  The  colorless 
needles  (from  water)  had  m.  p.  158-160*. 

7- Nitrobcnzthiazole  formed  yellow  needles  (from  water  or  alcohol).  It  was  soluble  in  etlier,  hot 
metlianol,  liot  ethanol,  and  hot  benzene  and  sparingly  soluble  in  water.  It  was  reduced  by  stannous  chloride 
to  7-aniinobenztluazole,  which  formed  colorless,  feadiery  needles  (from  water)  witli  m.  p.  123*.  The  acetyl 
derivative  formed  colorless  needles  (from  water)  witli  rn.  p.  178*. 

Ainination  of  6- nitrobcnzthiazole  [3j.  Into  a  tlirec- necked  flask  fitted  with  a  mechanical  stirrer,  ther¬ 
mometer,  dropping  funnel,  and  reflux  condenser  was  placed  a  carefully  ground  mixture  of  1  g  of  6-nittobciiz- 
thlazole,  5  g  of  hydroxylamine  hydrochloride,  and  50  ml  of  alcohol,  the  mixture  heated  to  50*  on  a  water  bath, 
and  a  solution  of  5  g  of  potassium  hydroxide  in  35  ml  of  alcohol  added  diopwise  witli  stirring  over  a  period  of 
35  minutes.  Ihe  reaction  mixture  was  stirred  at  48-52*  for  2  hours.  A  colorless,  crystalline  precipitate  (KCl) 
formed.  The  cooled  reaction  mixture  was  poured  into  400  ml  of  cold  water.  A  precipitate  separated  after  a 
short  time.  It  was  collected,  washed  with  water,  and  dried  at  70  *.  Wc  obtained  0.3  g  of  lemon  yellow  needles 
with  Ill.  p.  250-251*.  Evaporation  of  die  mother  liquor  to  200  ml  yielded  a  further  0.68  g  of  product.  The  total 
yield  was  0.98  g  (91%).  A  mixed  melting  point  widi  2-amino-6-nitrobeiiztliiazole,  obtained  by  cyclization  of 
p-nitrophenyldiiourca,  was  not  depressed. 

If  sodium  ediylate  (from  1.9  g  of  metallic  sodium)  was  used  instead  of  potassium  hydroxide,  the  yield  of 
product  widi  m.  p,  252“  was  74%. 

Amination  of  4- nitrobcnzthiazole.  In  the  apparatus  described  above  were  heated  0.8  g  of  4-nitrobenz¬ 
thiazole,  4  g  of  hydroxylamine  hydrochloride,  and  30  ml  of  alcohol  and  then  4  g  of  potassium  hydroxide  in 
40  ml  of  alcohol  was  added  d:opwise  over  a  period  of  25  minutes.  The  reaction  mixture  was  stirred  at  52-60* 
for  a  further  3  hours.  The  cooled  mixture  was  filtered  to  remove  the  potassium  chloride  precipitate,  tJie  filtrate 
evaporated  to  20  ml  and  tlicn  diluted  with  water  (1 :3).  After  16  hours,  tlie  yellow  precipitate  was  collected, 
washed  wiUi  water,  and  recrystallized  from  n- butanol  to  give  fine  yellow  needles  with  m.  p.  234-235*  (232* 
[10]  and  254*  [11]).  The  yield  was  0.2  g  (23%).  The  product  was  soluble  in  glacial  acetic  acid  and  hot 
n-butanol  and  insoluble  in  water,  etlianol,  and  metlianol.  It  was  diazotized  in  concentrated  hydrochloric  acid. 

Found  %:  N  21.74,  21.85.  C7H502N3S.  Calculated  %;  N  21.53. 

Amination  of  5-nitrobenzthiazole.  5- Nitrobcnzthiazole  was  aminated  under  the  conditions  described 
above  (sec  amination  of  4- nitrobcnzthiazole).  We  obtained  a  brownish  yellow  substance  in  54%  yield  and  this 
had  decomp.  p.  about  270*.  After  rccrystallizatioii  from  aqueous  pyridine,  tlie  product  formed  lemon  yellow 
needles  witli  decomp.  p.  308-309*.  It  was  soluble  in  chloroform,  n-butanol,  and  pyridine,  insoluble  in  water 
and  benzene,  and  sparingly  soluble  in  alcohol.  It  was  diazotized  in  concentrated  hydrochloric  acid. 

Found  %:  N  21.40,  21.43.  C7H5O2N3S.  Calculated  %:  N  21.53. 

Amination  of  7-nitrobenzthiazolc.  7- Nitrobcnzthiazole  was  aminated  as  described  above;  the  starting 
7-nitrobenzthiazole  was  recovered  in  90%  yield. 

If  an  aqueous  solution  of  hydroxylamine  hydrochloride  was  added  to  an  alcohol  solution  of  7-nittobenz- 
thiazole  and  tlicn  an  aqueous  solution  of  alkali  and  tlie  reaction  mixture  boiled  under  reflux  for  4  hours  (boiling 
point  82*),  we  obtained  a  mixture  of  substances  witlt  m.  p.  136-147*  in  75%  yield.  Recrystallization  from 
alcohol  yielded  the  staning  7-nitrobenztliiazole  (about  45%)  and  an  insignificant  amount  of  colorless  needles 
with  a  m.  p.  below  100*,  which  could  not  be  investigated.  It  is  possible  that  this  was  7-aminobenztliiazole. 
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SUMMARY 


1.  The  nitration  of  benztliiazole  with  a  mixture  of  nitric  and  sulfuric  acids  at  6-8*  and  15-25*  gave 
6-nitrobcnzthiazole  (50*70  yield),  4-nittobenzthlazolc  (13<7o  yield),  and  7-nitrobenzthiazole  (7%  yield). 

Tlie  position  of  the  nitro  group  in  the  isomeric  nitrobenztltiazoles  was  esublished  by  comparison  of  their 
ultraviolet  absorption  spectra  with  tliose  of  2-metliylnitrobcnzthiazoles  of  established  structure. 

2.  Tlie  action  of  hydroxylamine  in  alcohol  on  nitrobenztltiazoles  formed  the  corresponding  2-amino- 
nitrobenzthiazoles.  6-Nitrobenzthiazole  was  aminated  most  readily  (91®7o  yield);  the  other  isomers  reacted  with 
more  difficulty  and  the  yield  of  2- amino-4- nitrobenzthiazole  was  23%  and  that  of  2- amino- 5- nitrobenzthiazole 
was  54%,  while  2- amino- 7- nitrobenzthiazole  could  not  be  obtained  under  the  given  conditions. 
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PERFUMES  FROM  ALKYLPHENOLS 

I.  SYNTHESIS  OF  PERFUMES  FROM  DIMETHY LPHENYL-p-CRESOL 

L.  A.  Khcifits,  G.  I.  Moldovanskaya,  and  V.  N.  Belov 
All-Union  Scientific  Research  Institute  of  Syntlietic  and  Nattiral  Perfumes 
Translated  from  Zhurnal  Obshchei  Khimli,  Vol.  30,  No.  4,  pp.  1367-1373,  April,  1960 
Original  article  submitted  April  2,  1959 


Certain  alkylphenols  [Ij  and  terpenylphenols  [2-9J  recently  have  found  application  as  intermediates  in 
the  syntliesis  of  perfumes;  therefore,  it  appeared  interesting  to  attempt  such  utilization  of  a  newly  available 
product,  2-(p-hydroxyplienyl)-2-phcnylpropane  (1),  produced  in  large  quantities  in  the  chemical  industry  under 
the  name  "dimetliylphcnyl-p-cresol.’* 

Judging  by  the  available  information  [1-9J,  tire  synthesis  of  perfumes  from  alkylphenols  is  possible  only 
after  converting  tliern  to  the  corresponding  substituted  cyelohexanols,  cyclohcxyl  acetates,  or  cyclohexanones; 
tliercforc,  we  subjected  the  phenol  (I)  to  tire  corresponding  conversions  [10]. 


(IV) 


The  hydrogenation  of  (1)  witli  skeletal  nickel  catalyst  was  carried  out  to  the  theoretical  absorption  of 
hydrogen  for  both  aromatic  rings;  tlie  completeness  of  hydrogenation  was  confirmed  by  tlie  absence  of  absorption 
in  the  UV  spectrum,  which  would  necessarily  be  observed  if  aromatic  compounds  remained  in  tlie  reaction  pro¬ 
duct  [see  spectrum  of  the  initial  material  (1)  on  p.  1399], 

Tlie  hydrogenated  product,  2-(4’-hydroxycyclohexyl)-2-cyclohcxylpropane  (II),  is  an  extremely  viscous 
colorless  liquid  with  practically  no  odor.  The  acetate  of  this  alcohol  (ill),  a  colorless  transparent  liquid,  is 
considerably  less  viscous  tlian  the  original  alcohol;  in  contrast  to  the  acetate  of  p-tcrt-hutylcyclohexanol, 
which  has  a  strong  floral  odor,  tlie  acetate  (III)  has  only  a  faint  noncharactcristlc  odor  and  is  tlius  similar  to  tlie 
acetates  of  menthylcyclohexanol  and  bornylcyclohexanol  which  were  described  earlier  [7]. 

Oxidation  of  tlie  alcohol  (11)  by  chromate  mixture  in  acetic  acid  gives  a  high  yield  of  2-(4*-ketocyclo- 
hexyl)-2-cyclohexylpropane  (IV). 
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Transition  from  die  alcohol  to  the  ketone  is  accompanied  by  intensification  of  odor  as  expected;  the 
ketone  (IV)  has  a  pronounced  distinctive  odor  of  the  same  character  as  that  of  p-tert-butylcyclohexanone  [1], 
but  weaker.  This  relatively  weaker  odor  apparently  is  explained  by  the  greater  molecular  weight  of  (IV); 
however,  diis  does  not  imply  that  the  odor  of  substituted  cyclohexanones  depends  solely  upon  the  size  of  the 
substituent  regardless  of  its  structure,  since  almost  all  terpenylcyclohexanones  (which  have  still  heavier  sub¬ 
stituents)  possess  strong  and  stable  odors  [7J, 


For  die  purpose  of  obtaining  new  data  on  die  relationship  between  the  structure  of  cyclic  ketones  and 
dielr  odor,  it  appeared  interesting  to  study  the  effect  of  change  of  ring  size  upon  odor. 

Tlierefore,  we  carried  out  the  contraction  of  die  cyclohexanone  ring  of  die  ketone  (iV)  to  cyclopentanone 
and  its  enlargement  to  cycloheptanone. 
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Contraction  of  the  cyclohexanone  ring  of  the  ketone  (IV)  was  accomplished  by  oxidizing  the  cyclohexanol 
(II)  v/idi  nitric  acid  containing  ammonium  vanadate  according  to  a  metliod  described  earlier  [llj.  Tlie  4-(l*- 
nietliyl-l*-cyclohexylethyl)-adlpic  acid  (V),  formed  as  a  thick  brown  oil,  is  decomposed  upon  vacuum  distillation. 

Therefore,  it  was  purified  by  conversion  to  the  dimethyl  ester,  from  which  (after 
vacuum  distillation  and  saponification)  the  pure  crystalline  acid  (V)  was  obtained 
successfully. 

Cyclization  of  (V)  in  the  presence  of  Da  (011)2  at  200-350*  [12]  led  to  a  mix¬ 
ture  of  hydrocarbons  instead  of  die  expected  2-(3'-ketocyclopeniyl)-2-cyclohexyl- 
propane  (VI);  the  liydrocarbons  were  very  likely  formed  by  pyrolytic  splitting  of  (V) 
at  die  place  indicated  by  die  dotted  line.  The  same  result  was  obtained  by  heating 
(V)  to  200-350'  without  Ba(OH)2.  The  mixture  of  hydrocarbons  most  probably  con¬ 
sists  largely  of  liexahydrocumene  (isolated  in  sufficiently  pure  form  by  chromato¬ 
graphic  separation  of  die  mixture  on  silica  gel)  and  also  of  various  tetrahydrocumenes 
and  a  small  amount  of  cumene. 

The  cyclopentanone  derivative  (VI),  a  strong- smelling  liquid,  was  obtained  in 
satisfactory  yield  by  heating  the  acid  (V)  under  vacuum  at  a  temperature  not  over 
200 

For  ring  enlargement  of  the  ketone  (IV),  we  applied  the  recently  suggested 
N-niiroso-N-mediyl-p-tolucnesulfamide  [13],  which  has  a  number  of  important 
advantages  over  diazomediane  and  which  has  been  used  successfully  in  recent  years 
for  ring  enlargement  of  cyclic  ketones  [14,  15]. 

The  cycloheptanone  derivative  dius  obtained,  2-(4'-ketocycloheptyl)-2-cyclo- 
hexylpropane  (Vll),  is  a  crystalline  substance  with  a  faint  odor.  For  proof  of  the 
cyclcheptanone  structure,  (Vll)  was  oxidized  to  4-(l’-mcthyl-l*-cyclohexylethyl)- 
pimelic  acid  (Vlll);  upon  cyclization  of  (Vlll)  the  ketone  (IV)  was  obtained  again. 


mfi 

UV  absorption  spectrum 
of  2-(p-hydroxyphenyl)- 
2-phenylpropane  (I). 


The  nature  of  the  odor  is  essentially  unchanged  upon  transition  from  (IV)  to  (VI)  and  (Vll);  however,  the 
contraction  of  the  six-membered  ketonic  ring  to  a  five-membered  ting  causes  a  marked  strengthening  of  odor, 
whereas  enlargement  to  a  seven -membered  ring  causes  a  significant  weakening  of  odor. 
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EXPERIMENTAL 


1.  Hydrogenation  of  2-(p-hydroxyphenyl)-2-phenylpropane  (I).  Hydrogenation  of  100  g  of  (I)  (m.  p.  72*) 
was  carried  out  under  130  atni  pressure  at  120-170*  with  10  g  of  skeletal  nickel  and  10  ml  of  alcohol.  The 
hydrogen  absorption  over  3  hours  was  67  liters  (103  <7o).  Upon  cooling,  the  hydrogenated  product  was  dissolved 

in  alcohol  and  filtered;  after  distilling  off  the  alcohol,  the  product  was  vacuum  distilled.  The  yield  was  90  g 
(90‘7o)  of  a  product  witli  b.  p.  1G5-180"  (4  mm)  and  content  of  2-(4'-hydroxycyclohexyl)-2-cyclohexylpropane 
(II)  approximately  loo'll?  (determined  by  acetylation). 

The  fraction  taken  for  analysis  had  b.  p.  165-170*  (4  mm),  d^^  0.9818,  n^D  1.5104,  MRj)  68.38; 

Calc.  68.58. 

Found  C  80.69,  80.50;  H  12.86,  12.89.  CigHjaO.  Calculated  %:  C  80.29;  H  12.57. 

3,5-  Dinitrobenzoate,  light  yellow  square  plates,  m,  p.  161-162"  (from  methanol- chloroform,  3  :1  by 
volume). 

Found C  63.52,  63.23;  H  7.35,  7.31;  N  6.74,  6.89.  CjzHgoOjNj.  Calculated  C  63.14; 

H  7.22;  N  6.69. 

2.  Acetylation  of  2-(4*-hydroxycyclohexyl)-2-cyclohexylpropane.  To  a  mixture  of  15  g  of  (II)  and 
45.5  g  of  acetic  anhydride  was  added  5  g  of  a  mixture  of  acetic  anhydride  and  phosphoric  acid  (prepared  at 
least  1  day  ahead  from  90  g  of  acetic  anhydride  and  10  g  of  concentrated  phosphoric  acid  [16J).  A  considerable 
amount  of  heat  was  evolved.  After  a  day  the  mixture  was  diluted  with  water;  2  hours  later  the  water  layer  was 
drawn  off  and  the  oil  was  dissolved  in  benzene,  washed  with  5%  sodium  carbonate  solution  and  with  water,  and 
dried  with  anhydrous  sodium  sulfate.  After  distilling  off  tire  benzene,  the  residue  (22.5  g)  was  vacuum  distilled. 
Tire  yield  of  acetate  was  17.4  g  (73‘yo)  witli  ester  content  99.5^70,  b.  p.  193-196*  (8  mm),  d^4  0.9885, 

n*°D  1.4890,  MR^  77.78;  calc.  77.96.  A  redistilled  fraction  boiling  at  146®  (2  mm)  crystallized  upon 
standing,  forming  colorless  plates,  m.  p.  58-59*  (from  alcohol). 

Found  %:  C  76.65,  76.54;  H  11.44,  11.39.  CiTlIgoOj.  Calculated ‘7o:  C  76.62;  H  11.42. 

3.  Oxidation  of  2-(4*-hydroxycyclohexyl)- 2-cyclchexylpropane.  A  solution  of  51  g  of  Na2Cr207*  2H2O 
in  135  g  of  50®7o  sulfuric  acid  was  added  with  stirring  over  a  1-hour  period  to  90  g  of  (ll)  in  200  ml  of  glacial 
acetic  acid  and  20  ml  of  water,  cooling  as  necessary  to  remain  below  40*.  Subsequently  tire  reaction  mixture 
was  stirred  for  1  hour  at  30*  and  1  hour  at  70*,  after  which  it  was  diluted  with  water.  The  crystalline  product, 
2-(4*-ketocyclohexyl)-2-cyclohexylpropane  (IV)  was  filtered  off  and  washed  wltlr  sodium  carbonate  solution 
and  with  water.  The  yield  was  85  g  {95^p)  of  ketone,  which  after  steam  distillation  appeared  as  colorless  thin 
ircedies,  rn,  p.  86-87*  (from  alcohol- water),  ketone  coirtent  99.9%  (determined  by  oxime  formation). 

Found  %:  C  81.23,  81.29;  H  12.21,  12.19.  CigHagO.  Calculated  %:  C  81.01;  H  11.78. 

Oxime,  colorless  rod- line  crystals,  m.  p.  144*  (from  alcohol- water). 

Found  %;  N  5.94,  6.10.  CJ5H27ON.  Calculated  %:  N  5.90. 

2,4-  Dinitrophenyllrydrazone,  small  yellow  crystals,  m.  p.  147-148*  (from  mixture  of  alcohol  and  ethyl 
acetate);  X  max  (in  CH3OH)  366  m/j  (log  c  4.37). 

Found  %;  N  13.72,  13.89.  C21H30O4N4.  Calculated  %:  N  13.92. 

4.  Conversion  of  2-(4*-hydroxycyclohexyl)-2-cyclohexylpropane  (II)  to  2-(3*-ketocyclopentyl)-2-cyclo- 
hcxylpTopane  (Vi),  a)  Obtaining  4-(l'-mcthyl-l*-cyclohexylet]tyl)-adipic  acid  (V).  To  105  g  of  50%  HNO3 
at  90*  there  were  added  0.05  g  of  NH4VO3  and  a  few  drops  of  (11).  After  rapid  evolution  of  nitrogen  oxides  had 
begun,  the  mixture  was  cooled  and  56  g  of  (II)  was  added  stepwise  at  40-50*  witli  cooling  and  good  stirring.  After 
adding  all  the  (II),  the  mixture  was  stirred  for  1  additional  hour  at  60*,  heated  to  90*,  air-blown  to  remove 
nitrogen  oxides,  and  cooled  to  0*.  The  separated  oil  was  dissolved  in  benzene,  washed  witli  water,  and  stirred 

for  2  hours  with  400  ml  of  5%  KOH  solution.  Upon  acidification  of  the  water  layer  the  crude  acid  (V)  separated 
as  a  thick  brown  oil,  yield  54  g  (80%). 
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To  obtain  the  dimethyl  ester,  35  g  of  methanol  containing  hydrogen  chloride  was  added  to  30  g  of 
(V)  and  the  solution  was  left  for  2  days  at  room  temperature,  after  which  it  was  washed  with  lO'^o  sodium  car¬ 
bonate  solution,  washed  with  water,  and  extracted  with  ether.  The  ether  extract  was  washed  with  salt  solution 
and  dried  with  anhydrous  sodium  sulfate.  After  distilling  off  tlie  solvent,  the  residue  (23  g)  was  vacuum  distilled. 
There  was  obtained  17  g  (52'7o)  of  tlie  dimethyl  ester  of  the  acid  (V),  b.  p.  175-190*  (5  mm),  A  narrower 
fraction,  containing  97%  ester,  was  taken  for  analysis. 

B.  p.  174*  (2  mm),  1.0427,  n^®D  1.4820,  MRj)  81.47;  calc.  81.81. 

Found  %:  C  C8.30,  08.34;  H  10.10,  10.11.  CjyHjoO^.  Calculated  %:  C  68.41;  H  10.13. 

To  obtain  the  pure  acid  (V),  19  g  of  its  dimethyl  ester  and  180  ml  of  15%  KOH  in  alcohol-water  were 
boiled  for  3  hours  in  a  water  bath,  after  which  the  alcohol  was  distilled  off,  the  residue  was  acidified  with  con¬ 
centrated  liydrochloric  acid,  and  the  separated  oil  was  extracted  with  benzene,  washed  with  salt  solution,  and 
dried  with  calcium  chloride.  The  oil  obtained  (after  distilling  off  the  benzene)  crystallized  upon  standing; 
m.  p.  125-126*  (after  repeated  washing  witli  petroleum  ether),  acid  content  98%. 

Found  %:  C  66.96,  66.57;  H  9.86,  9.92.  C15H26O4.  Calculated  %:  C  66.63;  H  9.69. 

b)  Obtaining  2-(3*-ketocyclopentyl)- 2-cyclohexylpropane  (VI).  Upon  heating  47  g  of  the  crude  acid  (V) 
at  169-203*  (5  mm),  tliere  was  distilled  off  24  g  (67%)  of  a  ketone  fraction  which  was  extracted  with  ether, 
washed  witli  5%  KOH  solution  and  witli  water,  dried  with  calcium  chloride,  and  (after  distilling  off  the  ether) 
vacuum  distilled.  The  fraction  witli  b.  p.  139-141*  (5  mm)  [yield  50%  calculated  on  (V)]  was  stirred  10  hours 
with  excess  33%  NallSOg  solution;  tlie  resulting  bisulfite  compound,  after  thorough  washing  with  ether,  was 
decomposed  by  sodium  carbonate  solution  with  simultaneous  live-steam  distillation  of  the  liberated  ketone. 

After  vacuum  distillation,  (Vl)  was  obtained  with  ketone  content  approximately  100%  (determined  by  oxime 
formation). 

B.  p.  133*  (2  mm),  d“4  0.9862,  n^D  1.5020,  MR^  62.34;  calc.  62.46. 

Found  %:  C  80.75,  80.95;  H  11.21,  11.12.  Ci4H^O.  Calculated  %:  C  80.70;  H  11.51. 

Semicarbazone,  shiny  plates,  m.  p.  180*  (from  alcohol). 

Found  %:  N  15.99,  16.09.  C15H27ON3.  Calculated  %;  N  15.83. 

2,4- Dinitrophenylhydrazone,  orange  plates,  m.  p.  101*  (from  methanol- chloroform,  3:1  by  volume), 
Xmax  (in  CHgOlI)  365  mp  (log  c  4.37). 

Found  %:  N  14.66,  14.55.  C20H28O4N4.  Calculated  %;  N  14.42. 

c)  Pyrolysis  of  4-(l*-methyl-l'-cyclohexylethyl)-adipic  acid  (V).  Upon  heating  54  g  of  crude  (V)  with 
6  g  of  Ba  (011)2  at  235-350*,  tliere  was  driven  off  20  g  of  an  oil  and  5  g  of  water.  The  residue  in  the  flask  was 

a  charred  mass,  from  which  no  acidic  products  could  be  isolated.  The  principal  fraction  obtained  upon  distilla¬ 
tion  of  tlie  oil  did  not  contain  oxygen  and  had  b.  p.  150*  (755  mm),  d^4  0.8336,  n®D  1.4598.  This  mixture 
of  hydrocarbons  was  separated  chromatographically  on  silica  gel  in  a  10  mm  x  1  m  column  witli  subsequent 
elution  by  hexane;  a  fraction  was  separated  successfully  which  apparently  consisted  mainly  of  hexahydrocumene. 

B.  p.  148-149*  (755  mm),  d^°4  0.8059,  n^D  1.4392.  Literature  data  [17]:  b.  p.  148*  (760  mm), 
d^4  0.8023,  n^D  1.4409. 

Found  %:  C  85.83,  85.93;  H  13.96,  13.97.  C^Hig.  Calculated  %;  C  85.62;  H  14.38. 

The  other  hydrocarbon  fractions  obtained  by  chromatographic  separation  were  discolored  when  shaken 
with  concentrated  H2SO4,  and  apparently  contained  tetrahydrocumenes  and  a  small  quantity  of  cumene,  the 
latter  having  a  strong  characteristic  odor. 

5.  Ring  enlargement.  Obtaining  2-(4'-ketocycloheptyl)- 2-cyclohexylpropane  (Vll).  To  a  solution  of 
85  g  of  (IV)  in  250  ml  of  alcohol  and  100  ml  of  ctlrer,  tliere  was  added  45  g  of  N-nitroso-N-methyl-p-toluene- 
sulfamide  (prepared  with  73%  yield  according  to  a  method  described  earlier  [13]),  and  the  mixture  was  stirred 
in  such  a  manner  that  the  undissolved  N-nitroso-N- methyl- p-toluenesulfamide  was  only  grazed  lightly  by  the 
stirrer.  To  the  reaction  mixture  (cooled  to  5*)  there  was  added  very  slowly  a  solution  of  5  g  KOH  in  17  ml  of 
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50*70  alcohol  (temperature  during  addition  of  caustic  10-20°).  The  mixture  was  stirred  1  additional  hour  at 
room  temperature  and  tlien  acidified  with  2N  llCl.  After  distilling  off  the  solvent,  tlie  reaction  mixture  was 
stirred  vigorously  for  G  hours  witli  100  ml  of  33*70  NalIS03;  the  resulting  bisulfite  compound,  after  thorough 
washing  with  ether,  was  decomposed  by  sodium  carbonate  solution  with  simultaneous  live-steam  distillation 
of  the  liberated  (VIl),  The  yield  of  (Vll)  waslG.2g  (43*7o)  witli  ketone  content  99.6*70  (determined  by  oxime 
formation),  m.  p.  68-69°  (from  alcohol- water),  small  colorless  plates;  mixed  sample  witli  (IV)  melted  at 
78°. 

Found  *7o:  C  81.44,  81.15;  H  11.95,  12.20.  CigllzgO.  Calculated  *70:  C  81.29;  II  11.93. 

Oxime,  sliiny  square  plates,  m.  p.  147-148°  (from  alcohol). 

Found  *70:  N  5.93,  5.77.  C,6ll290N.  Calculated  <7o:  N  5.57. 

Semicarbazonc,  colorless  plates,  m.  p.  177°  (from  alcohol). 

Found  *7o:  N  14.06,  14.29.  C^HjiONj.  Calculated  *7o:  N  14.32. 

2,4-Dinitrophenylhydrazone,  small  yellow  crystals,  m.  p.  78-79°  (from  mixture  of  alcohol  and  ethyl 
acetate)]  X j^^x  QIsOlD  366  mp  (log  c  4.38). 

Found  <7o;  N  13.67,  13.70.  C22H32O4N4.  Calculated  *70:  N  13.45. 

From  tlic  filtrate,  after  removal  of  tlte  bisulfite  compound  tliere  was  separated  a  crystalline  substance 
with  m.  p.  74-75°  (from  water),  identified  as  N-metliyl-p-toluenesulfamide  (mixed  sample  witli  known  prep¬ 
aration  of  this  compound  did  not  give  any  depression  of  melting  point),  which  probably  was  formed  by  dcnitrosatlon 
of  the  N-nitroso-N-metliyl-p-toluenesulfamide  under  tlie  action  of  caustic.  Besides  tlie  N- methyl- p-toluene- 
sulfamide,  the  filtrate  probably  contained  also  ethyl  p-toluenesulfonate  and  compounds  of  high  carbonyl  number 
which,  however,  have  not  been  studied  in  greater  detail. 

6.  Conversion  of  tlie  cycloheptanone  (Vll)  to  the  cyclohexanone  (IV).  The  ketone  (VII)  was  oxidized 
with  50*70  HNO3  as  described  for  (IV).  The  acid  thus  formed  (VIII)  was  converted  to  the  dimetliyl  ester  for 
purification. 

B.  p.  176-179°  (3  mm),  d%  1.0350,  n^D  1.4790,  MRd  86.0;  calc.  86.43. 

Found  *70:  C  69.01,  69.29;  H  10.40,  10.20.  Ci8il3204.  Calculated  *7o:  C  69.19;  H  10.32. 

The  free  acid  (an  oil)  was  separated  by  saponifying  the  dimetliyl  ester  with  KOH  in  water- alcohol;  upon 
heating  the  acid  under  vacuum  it  was  converted  to  the  ketone  (IV),  identical  witli  the  ketone  obtained  by  oxida¬ 
tion  of  (II). 


SUMMARY 

1.  With  the  aim  of  syiitliesizing  perfumes  from  2-(p-hydroxyphenyl)-2-phenylpropane,  which  is  available 
in  large  quantities,  it  was  convened  by  hydrogenation  to  2-(4'-hydroxycyclohexyl)-2-cycIohexylpropane,  which 
was  tlien  oxidized  to  2-(4'-ketocyclohexyl)-2-cyclohcxylpropane.  It  was  established  that  2-(4'-hydroxycyclo- 
hexyl)-2-cyclohexyIpropane  and  its  acetate  have  only  a  faint  and  noncharacteristic  odor,  whereas  2-(4'-keto- 
cyclohexyl)-2-cyclohexylpropane  has  a  relatively  strong  distinctive  odor. 

2.  To  clarify  the  effect  upon  odor  of  tlie  size  of  the  ring  carrying  the  ketone  group,  there  was  carried  out 
the  contraction  of  the  six-membered  kctonic  ring  in  2-(4’-kctocyclohexyl)-2-cyclohexylpropane  to  a  five- 
membered  ring  and  its  enlargement  to  a  seven- membered  ring.  It  was  shown  tliat  contraetion  of  tlie  ketonic  ring 
leads  to  a  marked  intensification  of  odor,  while  enlargement  of  the  ring  is  accompanied  by  weakening  of  odor. 
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INVESTIGATION  OF  PYRAZOLES 


Vll.  DEHYDROGENATION  OF  PHENYLPYRAZOLINES  WITH  FUNCTIONAL  GROUPS 
ON  THE  BENZENE  RING 

I.  I.  Grandberg.Ting  VV  e  i-p' u  and  A.  N.  Kost 
Moscow  State  University 

Translated  from  Zluirnal  Obshchei  Kliimii,  Vol.  30,  No.  4,  pp.  1373-1377,  April,  1960 
Original  article  submitted  Match  27,  1959 


3-PlicnylpyrazoIcs  liave  a  general  soothing  action  on  tlie  central  nervous  system  [1];  therefore  we  under¬ 
took  a  wider  investigation  of  3-arylpyrazoles,  particularly  compounds  with  functional  groups  on  the  benzene 
ring.  The  synthesis  of  a  number  of  these  compounds  was  reported  recently  on  tlie  basis  of  0 -chlorovinyl  ketones 
L2J;  liowever,  this  mctliod  is  not  suitable  for  synthesizing  compounds  with  substituents  in  the  4-  and  5- positions 
of  titc  pyrazole  ring.  Apart  from  tliis,  we  were  interested  in  observing  the  behavior  of  various  functional  groups 
under  conditions  of  dehydrogenation  by  sulfur,  since  a  number  of  alkyl-  and  arylpyrazoles  previously  had  been 
synthesized  successfully  by  this  metliod  [3,  4j. 


We  carried  out  tlie  dehydrogenation  of  3-phenylpyrazolines  (I)  having  a  para- substituted  alkyl,  phenyl, 
chlorine,  bromine,  iodine,  phenoxy  ,  metlioxy  ,  or  nitro  group.  It  was  shown  that  pyrazolines  having  an  alkyl, 
phenyl,  methoxy  ,  or  phenoxy  group  are  dehydrogenated  to  the  corresponding  3-arylpyrazoles  (II)  without 
affecting  the  functional  group,  although  the  yield  of  pyrazoles  is  somewliat  lower  than  for  analogous  compounds 
without  functional  groups.  The  3-arylpyrazolincs  (1)  containing  halogen,  notwithstanding  the  evolution  of 
hydrogen  sulfide  during  ttie  reaction,  were  completely  resinified,  so  that  the  corresponding  pyrazoles  could  not 
be  found.  The  nitro  group  in  the  pyrazoline  molecule  also  hindered  die  normal  reaction  course;  severe  car¬ 
bonization  occurred  upon  dehydrogenation.  We  made  analogous  observations  for  1-aryI-  and  5-arylpyrazolines. 
If  the  benzene  ting  of  the  pyrazoline  carried  a  carboxy  or  sulfo  group,  then  in  general  no  evolution  of  hydrogen 
sulfide  was  observed  and  pyrazole  formation  did  not  occur  even  upon  increasing  the  temperature  to  250-300*. 
With  a  hydroxy  or  dimethylamino  group,  the  dehydrogenation  proceeded  smoothly.  All  of  our  attempts  to 
moderate  tlie  conditions  of  dehydrogenation  were  unsuccessful,  including  the  use  of  a  solution  of  sulfur  in  boiling 
xylene  or  tlie  use  of  solid  sodium  thiosulfate.  Conducting  tlie  usual  reaction  in  a  stream  of  sulfur  dioxide  like¬ 
wise  did  not  lead  to  any  improvement  of  yields. 


To  synthesize  the  initial  functionally  substituted  3-arylpyrazolines  (I)  we  used  the  Mannich  reaction  and 
subsequent  treatment  of  the  resulting  5 -dimethylaminopropiophenones  with  hydrazine  hydrate  [5,  6J. 

X  -c^  \-G-CIl3  -f-  CII2O  +  IICI  .  HN(CH3)2  -► 


•C  >-G-CIl3-f-Cll20+ IICI 

^  II 

X  \_(',_(:ii2Gll2N{Gll3)2 

^ ^  II 

X 

— >  A  — w 


X- 


II 

N 


\  = 


(•,11, (a),  iso  .iL(b).  ‘11,0  (c). 
<1  (e).  Hr (1),  1  (g),  N(nri). 


.  IICI  N,ll. 


II 

N 

II 

(II) 

(MUO  (d). 
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We  syntliesized  3,5-disubstituted  pyrazolines  (III)  by  the  common  metliod  of  interaction  of  the  correspond¬ 
ing  hydrazine  witlt  an  unsaturated  ketone.  Dehydrogenation  to  the  pyrazoles  (IV)  was  carried  out  according  to 
the  usual  method. 


U'NHNH, 


CH3COCH3 -f  RCHO  CHaCOCH-rCHR 


CH3— 11 - ^1 

N  Lj, 


CH.-, 


(HI) 


R' 


■’in 

v 

I 

R' 


u  =  n  U'  =  C.H,(a);  K  =  o-HOC,H., 

^  =  K'=  p-HOOCO,H,  (C): 

U'  =  p-NaSO,C,H,(d). 


R 

(IV) 

R'  H  (b); 


EXPERIMENTAL 

3(5)-p-EthyIphenyIpyrazoIe  (Ila),  A  mixture  of  28  g  3-p-ethyIphenyIpyrazoIine  (la)  [5]  and  5.2  g  sulfur 
was  heated  in  a  Claisen  flask  at  180*  for  about  30  minutes.  After  hydrogen  sulfide  evolution  had  ceased,  heating 
was  continued  for  20  minutes  more  to  complete  the  reaction;  the  mixture  was  then  vacuum  distilled.  The 
pyrazole  was  obtained  as  a  viscous  oil.  Yield  20  g  (71,5  %),  b.  p,  188-190*  at  10  mm. 

Picratc,  m.  p.  195*  (from  alcohol). 

Found  «7o:  N  17.57,  17.65.  CjiHigNj  •  C6H3O7N3.  Calculated  ^0:  N  17.45. 

l-Carbamido-3  (5)-p-ethylphenylpytazole.  To  a  solution  of  5  g  pyrazole  (Ila)  *.n  10  ml  acetic  acid, 
there  was  added  1.7  g  potassium  cyanate,  and  the  mixture  was  heated  to  90*  for  15  minutes.  Upon  cooling  the 
solution  the  amide  crystallized.  Yield  4.5  g  (69'yo),  m,  p,  148*  (from  alcohol). 

Found  «7o;  N  19.62,  19.68.  C12H13ON3.  Calculated  %:  N  19.52. 

3  (5)-p-Isopropylphenylpyrazole  (lib).  Obtained  from  20  g  3-p-isopropylphenylpyrazoline  (Ib)  [6]  as  a 
viscous  oil  [method  analogous  to  that  used  for  3(5)- p-ethylphenylpyrazole].  Yield  17  g  b,  p.  163*  at 

11  mm. 

Picrate,  m.  p.  129*  (from  alcohol). 

Found  %:  C  52.37,  52.54;  H  4.E0,  4.25.  CjaH^Nz*  CgHjOrNj.  Calculated  %;  C  52.14;  H  4.15. 

3  (5)-  p-  Methoxy phenylpyrazole  (11c).  Obtained  from  15  g  3-p-methoxyphenylpyrazoline  (Ic)[6]  by  method 
analogous  to  tlie  foregoing.  Yield  11,2  g  m.  p.  126*  (from  benzene). 

Found  C  69.27,  69.11;  H  5.95,  5.93;  N  15.97,  15.78.  CiqHioONj.  Calculated  C  68.94; 

H  5.79;  N  16.02. 

Hydrochloride  of  8-dimethylamino-p-phenoxypropiophenone.  A  mixture  of  55  g  p-phenoxyacetophenone 
(m.  p.  42-44*)  [7j,  28  g  dimethylamine  hydrochloride,  and  7.5  g  paraform  in  50  ml  dioxane  was  refluxed  for 
1  hour,  and  the  unreacted  ketone  was  extracted  by  ether.  The  remaining  solution  was  made  alkaline  with  40% 
sodium  hydroxide  solution,  and  the  oil  was  extracted  by  ether.  The  ether  extract  was  water  washed  and  dried 
with  fused  sodium  hydroxide.  The  solution  was  concentrated  under  vacuum  and  the  resulting  substance  was 
dissolved  in  absolute  ether,  A  stream  of  dry  hydrogen  chloride  was  passed  through  the  dry  ether  solution,  and 
the  precipitated  white  mass  was  vacuum-dried  over  phosphorus  pentoxide.  Yield  60.5  g  (80%),  m.  p.  133-135*. 

Found  %:  N  4.01,  4.00.  C18H22O2NCI.  Calculated  %:  N  4.38. 

3-  p-  Phenoxypheny Ipyrazoline  (Id).  To  40  ml  of  hydrazine  hydrate,  20  ml  40%  sodium  hydroxide,  and 
100  ml  metlianol,  there  was  added  slowly  widi  stirring  at  40-42*,  a  solution  of  50  g  hydrochloride  of  fl-dl- 
methylamino-p-phenoxypropiophenone  in  100  ml  methanol,  after  which  the  reaction  mixture  was  boiled  for 
0.5  hour.  The  precipitated  vshite  crystalline  mass  was  water  washed,  filtered-off  and  pressed,  and  then  heated 
with  benzene  above  100*  to  remove  water.  Yield  33  g  (89%),  m,  p.  56-57*. 
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PIcrolonate,  m.  p.  209*  (from  alcdiol). 

Found  N  16.84,  16.67.  C15H14ON2 •  CioHgOgN^.  Calculated  N  16.74. 

3  (5)-p-  Phenoxyphenylpyrazole  (lid).*  Obtained  as  a  very  viscous  oil  by  dehydrogenation  of  52  g  3-p- 
phenoxyphenylpyrazolinc  (Id)  by  a  method  analogous  to  tliat  described  previously.  Yield  22.4  g  (42®7o), 
b,  p.  256*  at  11  mm. 

Plcrate,  m.  p.  127-128*  (from  alcohol). 

Found  %:  N  15.16,  15.12.  CigHijONj*  CcHgO^Ng.  Calculated  N  15.06. 

l-Carbamldo-3-p-phenoxyphenylpyrazolc,  m.  p.  133*  (from  alcohol). 

Founder  C  69.07,  69.26;  11  4.73,  4.80;  N  15.04,  15.19.  C^HigOgNj.  Calculated  <70 :  C  68.78; 

H  4.73;  N  15.09. 

Hydrochloride  of  6-dlmethylamino-p-iodopropiophenone.  A  mixture  of  21  g  p-lodoacetophenone  (m.  p. 
83-84"  L8J),  8  g  dimetliylamine  hydrocliloridc,  3.2  g  paraform,  25  ml  alcohol,  20  ml  dioxane  and  0.2  ml  con¬ 
centrated  hydrochloric  acid  was  heated  to  boiling  for  2.5  hours.  After  cooling,  the  salt  of  tlie  6 -dimethylamlno- 
ketone  precipitated  as  white  crystals.  They  were  separated  by  vacuum  filtration,  washed  with  acetone,  and 
recrystallized  from  bO^o  alcohol.  Yield  19  g  (es.b^yo),  m.  p.  201*. 

Found  %:  C  38.97,  39.10;  H  4.53,  4.56.  C12H17ONCII.  Calculated  <^0;  C  38.88;  H  4.45. 

3-p-Iodophenylpyrazoline  (Ig)  .  Obtained  from  12  g  hydrochloride  of  0-dimethylamino-p-lodoproplo- 
phenone,  method  same  as  for  3-p-phenoxyphcnylpyrazolinc.  Yield  9  g  i93'^o),  m.  p.  135-138*. 

N-nitroso  derivative,  m.  p.  167*  (from  alcohol). 

Found  C  35.88,  35.91;  H  2.59,  2.G4;  N  13.80,  13.81.  CpHgONjI.  Calculated  <7c.:  C  35.88; 

H  2.68;  N  13.96. 

Hydrochloride  of  g  -dlmethylamiiio-p-hromopropiophenone.  Obtained  from  90  g  p-bromoacetophenone 
(m.  p.  49*  19J),  similar  to  experiment  with  p-iodoacetophenone.  Yield  75  g  (58%),  m.  p.  192*  (from  50% 
alcohol).  literature  data:  rn.  p.  196*  [10]. 

Found  %:  C  45.22,  45.12;  H  5.35,  5.55.  CizIInONClBr.  Calculated  %:  C  45.12;  H  5.52. 

3-  p-  Dromopheny Ipyrazoliiie  (I  f).  Obtained  tlie  same  as  p-lodophenylpyrazollne,  from  50  g  salt  of  the 
Mannlch  base,  yield  85.5%,  m.  p.  130-133*.  N-nitroso  derivative,  m.  p.  158-159"  (from  alcohol). 

Found  %;  C  42.58,  42.39:  H  3.37,  3.19;  N  16.34,  16.18.  CsIIgONgBr.  Calculated  %:  C  42.50; 

H  3.17;  N  16.54. 

Hydrochloride  of  g-dimethylarnino-p-chloropropiophenone.  Obtained  by  the  method  described  previously, 
from  75  g  p-chloroacetophcnone  (b.  p.  124-126"  at  24  mm,  m.  p.  20-21"  [9]),  yield  61%,  m.  p.  170*  (from 
50%  alcohol)  [llj. 

3-p-Chlorophenylpyrazollne  (1  e).  Obtained  from  50  g  hydrochloride  of  g-dimetliylamino-p-chloropropio- 
phenone  by  die  usual  mediod,  yield  83%,  in.  p.  89-92". 

N-nltroso  derivative,  m.  p,  155"  (from  alcohol). 

Found  %:  N  20.12,  19.96.  CgHgONgCl.  Calculated  %;  N  20.04. 

3- p- Nitropheny Ipy razoline  (1  h).  Obtained  by  die  usual  method  by  the  action  of  hydrazine  hydrate  on 
the  hydrochloride  of  6-dimediylamino-p-nitroproplophenone  (m,  p.  171*  [12]),  yield  64%,  m.  p.  156-157* 
[12]. 


•  Student  O.  P.  Shkurko  took  part  In  die  synthesis  of  die  3  (5) -p- phenoxyphenylpyrazole. 
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3-Methyl- 5- p- dimethylaminophenyl- 1- pheny Ipyrazoline  (111a).  To  a  solution  of  10  g  p-dimethylamino- 
benzalacctoiic  (m,  p.  132°  [13j)  in  150  ml  acetic  acid  tliere  was  added  5.5  g  phenylhydrazine.  After  12  hours, 
300  ml  of  water  was  added.  The  precipitate  was  recrystallized  from  etltyl  acetate.  Yield  12  g  (75%),  m,  p, 
166°  [14]. 

3- Methyl- 5- p- dimethylaminophenyl- 1- phenylpyrazole  (IVa).  Obtained  from  10.2  g  pyrazollne  (Ilia) 
by  tile  metliod  described  previously.  Yield  6.8  g  (68%),  m.  p.  143-144°  (from  alcohol). 

Found  %:  C  77.61,  77.52;  H  6.95,  6.81;  N  15.22,  15.43.  CieHijNj.  Calculated  %;  C  77.94; 

H  6.92;  N  15.14. 

3- Methyl- 5- (o-hydroxyphcnyl)- pyrazollne  (Illb).  A  mixture  of  50  g  salicylalacetone  (m.  p.  137-139* 
[15])  and  50  ml  etliyl  alcohol  was  refluxed  until  dissolved,  after  which  there  was  added  dropwise  18  ml  hydrazine 
hydrate,  to  which  4  drops  of  acetic  acid  had  been  added  previously,  Tlie  mixture  was  refluxed  for  5  hours;  the 
crystals  which  precipitated  upon  cooling  were  water  washed  and  vacuum- dried  1  hour.  Yield  25  g  (45.4%), 
m.  p.  105-106*. 

1-Thiocarbamide  derivative,  m,  p.  225*  (from  alcohol). 

Found  %:  C  56.49,  56.52;  H  5.68,  5.82.  CuHijONgS.  Calculated  %:  C  56.14;  H  5.56. 

3  (5)-  Methyl-  5  (3)  -  (o-hy droxyphenyl)-  pyrazole  (IVb).  Obtained  from  15  g  pyrazollne  (lllb)  by  tfie 
method  described  previously,  yield  53%,  m,  p.  130*  (from  50%  alcohol). 

Fo!ind%:  C  68.59,  68.73;  H  5.73,  5.64;  N  15.87,  16.01.  CjcHioONj.  Calculated  %;  C  68.94; 

11  5.79;  N  16.02. 

3-Mcthyl-5-phenyl-l-(p-carboxyphcnyl)-pyrazoline  (IIIc).  To  a  solution  of  5.6  g  hydrochloride  of 
p-carboxyphenylhydrazine  in  135  ml  water  tlicre  was  added  a  solution  of  4.4  g  benzalacetone  in  15  ml  alcohol, 
and  the  mixture  was  heated  to  boiling  for  30  minutes.  Yellow  crystals  of  the  hydrazone  precipitated,  m,  p. 
193-194°  [16].  For  cyclization  tliis  hydrazone  was  boiled  for  1  hour  with  30  ml  glacirl  acetic  acid.  After 
cooling,  the  pyrazoline  precipitated  as  yellowish  crystals.  Yield  8.2  g  (87.5%),  m,  p.  249-250*  [16], 

3- Methyl- 5- phenyl- l-(p-sulfophenyl)- pyrazollne  (Hid).  In  a  flask  fitted  with  a  reflux  condenser  there 
were  placed  5.5  g  phenylhydrazine- p- sulfonic  acid,  4.4  g  benzalacetone,  and  25  ml  80%  acetic  acid.  The 
reaction  mixture  was  refluxed  for  5  hours;  after  cooling,  it  was  made  alkaline  with  10%  sodium  hydroxide 
solution  and  then  20  ml  saturated  sodium  chloride  solution  was  added  widi  further  cooling.  The  precipitated 
sodium  salt  was  recrystallized  from  alcohol.  Yield  5.8  g  (60%)  [17J. 

Found  %;  N  8.30,  8.46.  CigHigOaNjSNa.  Calculated  %;  N  8.28, 

SUMMARY 

1-,  3-,  or  5-arylpyrazolines  which  have  an  alkoxy  ,  phenoxy  ,  dimethylamlno  ,  or  hydroxy  group  sub¬ 
stituted  on  tlie  benzene  ring  are  dehydrogenated  by  sulfur  to  the  corresponding  pyrazolcs.  Pyrazolines  with  a 
halogen,  sulfo  ,  carboxy  ,  or  nitro  group  on  the  benzene  ting  ate  resinified  upon  heating  with  sulfur,  apparently 
at  the  expense  of  reaction  of  the  functional  group. 
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A  NEW  CONVERSION  IN  THE  CHROMONE  SERIES 


V,  A.  Zagorevskli  and  D.  A.  Zykov 

Institute  of  Pharmacology  and  Chemotherapy,  Academy  of  Medical  Sciences  of  tite  USSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1378-1379,  April,  1960 
Original  article  submitted  Match  26,.  1959 


In  communication  [1]  we  reported  that,  depending  on  the  conditions,  chromone- 2- carboxylic  acid  reacts 
with  excess  thionyl  chloride  to  give  mainly  either  the  acid  chloride  or  (after  water  treatment)  a  chlorine-con¬ 
taining  substance  of  unknown  structure  with  m.  p,  93-94*,  wiiich  was  also  obtained  from  the  acid  chloride  by 
treating  the  latter  with  thionyl  chloride. 

In  the  present  work  we  established  drat  this  chlorine- containing  compound  is  identical  with  4-chloro- 
coumarin,  which  was  prepared  previously  in  low  yields  by  treating  4-hydroxycoumarin  widi  phosphorus  penta- 
chloridc  [2]  or  phosphorus  oxychloride  [3],  In  die  papers  cited,  the  4-chlorocjoumarin  was  not  isolated  in  a 
pure  state.  According  to  data  in  [2],  this  substance  melts  at  91-92*  and  according  to  [3j,  its  m.  p.  is  89-91*. 
We  established  that  thoroughly  purified  4- chlorocoumarin, synthesized  from  chromone- 2- carboxylic  acid  and 
from  4-hydroxycoumarin  by  the  method  in  [3],  lias  m.  p.  95-95.5*.  Both  samples  of  4- chlorocoumarin  reacted 
widi  aniline  and  piperidine  to  give  4-anilino-  and  4-piperidinocoumarins,  which  were  described  in  [2].  The 
identity  of  our  chlorine- containing  compound  with  4- chlorocoumarin  was  also  confirmed  by  a  series  of  other 
reactions  (see  Experimental). 

It  may  be  assumed  that  the  y  -benzopyrone  system  is  converted  into  the  a-benzopyrone  system  by  the 
following  scheme. 


0 


SOCI, 


Cl  Cl 

\/ 


\/\q/  ^/\o' 


I'-COCI 


Cl 

^\A 

11  u-' 

S/\)/\cOCl 


1-H,0 


Cl 

I 


-HCl.  -HCOOH  (or  C0+H,0) 


)=0 


Further  investigations  are  being  carried  out  to  elucidate  die  limits  of  applicability  of  this  interesting 
conversion  and  to  determine  the  reaction  mechanism  more  accurately. 

EXPERIMENTAL 

4-Chlorocoumarin.  a)  The  preparation  obtained  previously  [1]  in  Sl°!o  yield  was  purified  by  distillation 
(b.  p.  147*  at  6  mm)  and  recrystallized  from  alcohol.  The  colorless  needles  had  m.  p.  95-95.5*. 

Found  <7o:  C  59.55;  H  2.79;  Cl  19.69.  CgHgOjCl.  Calculated  “/n;  C  59.86;  H  2.79;  Cl  19.62. 
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b)  4-Hydroxycoumarin  (1.25  g)  and  0.75  g  of  POCI3  were  heated  on  a  bath  at  110-115*  for  2  hours. 

The  mixture  was  decomposed  witli  ice  and  tlie  red  precipitate  collected  by  filtration,  dried  and  distilled  (the 
b.  p,  was  about  120*  at  2  mm).  Recrystallization  from  alcohol  (charcoal)  yielded  0.5  g  of  substance  with 
m.  p,  95-95.5*.  A  mixed  melting  point  with  a  sample  prepared  from  chromone- 2- carboxylic  acid  was  not 
depressed. 

Reduction  of  4-chlorocoumarln  (from  chromone- 2- carboxylic  acid),  a'  In  accordance  with  the  data  in 
[2],  reduction  of  tlte  substance  with  zinc  dust  in  a  mixture  of  aqueous  alcohol  and  acetic  acid  gave  coumarln; 
the  yield  was  82%  and  the  m.  p.  67-G8*  (from  a  mixture  of  ligroln  and  benzene). 

b)  4-Chlorocoumarin  (1.08  g)  was  hydrogenated  in  the  presence  of  0.2  g  of  10%  Pd/BaS04  in  70  ml 
of  alcdiol  until  1  mole  of  H2  had  been  absorbed.  We  isolated  0.88  g  of  coumarln. 

4-  Auilinocoumarin.  This  compound  was  prepared  by  the  procedure  in  [2];  aniline  was  heated  (180*, 

20  minutes)  witli  4-hydroxycoumarin  or  witlt  4-chlorocoumarin,  synthesized  from  chromone- 2- carboxylic  acid 
and  from  4-hydroxycoumarin.  Tlte  substance  had  m.  p.  268-269"  (from  alcohol).  According  to  data  in  [2J: 
m.  p.  259-260". 

4-Piperidinocouniarin.  This  compound  was  prepared  from  the  two  preparations  of  4-chlorocoumarin 
described  above  by  heating  tlicm  with  piperidine  (105-110",  20  minutes)  [2).  Tlie  m.  p.  was  105-106*  (from 
50%  alcohol),  A  mixture  of  die  two  samples  of  4-piperidinocoumarin  melted  without  depression.  According 
to  data  in  [2];  m.  p.  104-105*. 

4-  Methoxycoumarin.  a)  A  solution  of  1.8  g  of  4-chlorocoumatin  (from  chromone- 2- carboxylic  acid) 
in  60  ml  of  anhydrous  methanol  was  mixed  with  a  solution  of  sodium  methylate  (from  0.25  g  of  sodium  and 
10  ml  of  medianol).  After  2  days  (approximately  20")  tlie  mixture  was  cooled  to  0".  The  crystalline  precipitate 
(fine  colorless  needles)  were  collected  by  filtration  and  dried.  The  mother  liquor  yielded  more  of  die  substance. 
The  total  yield  was  1.5  g  (85%)  and  die  m.  p.  was  124.5*.  According  to  data  in  [4]  (in  which  the  substance 
was  syndicsized  by  mediylation  of  4-hydroxycoumarin)  die  m,  p.  is  125*. 

SUMMARY 

It  was  established  diat  when  chromone- 2-catbonyl  chloride  reacts  wldi  thionyl  chloride,  4-chlorocoumarin 
is  formed  as  a  result  of  conversion  of  the  y  -benzopyrone  system  to  the  a-pyrone  system. 
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REACTION  OF  E  TH  OX  Y  CH  LOROQ  U  I N  O  N  ES  WITH  AMINES 


I.  REACTIONS  OF  DIETHOXYDICI1LORO-1,4-BENZOOUINONES 
A.  Ya.  Berlin  and  A.  N.  Makarova 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  4,  pp,  1380-1385,  April,  1960 
Original  article  submitted  March  20,  1959 


According  to  die  literature  [1-3],  2,5-dimedioxy-  and  2,5-diedioxy-l,4-benzoqulnones  react  with  ethylene' 
imine  and  odier  amines  under  relatively  mild  conditions  to  give  2,5-diaminobcnzoquinone  derivatives.  In  con¬ 
trast  to  2,5-dialkoxyquinones,  2,G-dialkoxyber.zoquinones  react  widi  ethyleneimine  and  other  amines  with 
difficulty  [1,  4,  5].  I  he  introduction  of  halogen  atoms  into  2,5-dialkoxy  and  2,6-dialkoxy  derivatives  of  benzo- 
quinones  increases  die  reactivity  of  their  alkoxy  groups.  Thus,  Kerman  [6-8]  showed  that  the  alkoxy  groups  In 

2.5- dialkoxy- 3,6- dichlorobenzoquinones  are  replaced  by  aliphatic  amine  and  aniline  residues  in  the  cold  to 
form  2,5- diamino- 3,6- dichloroljenzoquinone  derivatives.  The  reaction  of  2,6- dial koxy- 3,5- dichlorobenzo- 
qulnone  with  the  same  amines  required  slight  heating;  this  gave  derivatives  of  2,5- diamino- 3- alkoxy- 6- chloro- 
benzoquinone. 

It  is  curious  that  up  to  now,  as  far  as  we  know  from  the  literature,  no  derivatives  of  2,6-diamlnobenzo- 
qulnone  or  of  2,6- diamino- 3,5- dichlorobenzoquinone  have  been  prepared  (except  for  2,6- diacetyl  diamino- 
benzoquinone  [9,  10]  or  of  2,3,5-trianilliiobenzoquinonc  [11],  which  were  syndiesized  by  an  indirect  method). 

In  this  connection,  it  is  interesting  to  note  the  recent  observation  of  Marxer  [4]  who  treated  2,6-dimethoxy-3,5- 
dibromoquinone  with  ethyleneimine  in  the  cold  and  thus  was  die  first  to  prepare  2,6-diethyleneimine-3,5-di- 
bromoquinone.* 

In  the  present  work  we  established  some  new,  noteworthy  facts  by  studying  the  reactions  of  2,5- diethoxy- 

3.6-  dichlorobenzoquinone  and  2,6- diethoxy- 3,5- dichlorobenzoquinone  with  amines. 

The  2,5-diedioxy-3,6-dichloro-l,4-benzoquinone  (II)  and  2,6-diethoxy-3,5-dichloro-l,4-benzoquinone 
(III)  required  for  die  investigation  were  prepared  by  heating  an  alcohol  suspension  of  chioranil  (I)  in  the  presence 
of  trie  thy  lamine  widi  a  molar  ratio  of  chioranil  to  triethylamine  of  1 : 2.  We  should  note  here  that  a  molar  ratio 
of  die  components  of  1 :0.25  gave  only  monoedioxytrichloroquinone,  whose  preparation  and  reactions  will  be 
described  in  the  next  communication.  A  chioranil  to  triethylamine  ratio  of  1  ;1  gave  a  mixture  of  all  three 
ethoxychlorobenzoquinones. 

2,5- Diethoxy- 3,6- dichloroquinone  reacted  with  ethyleneimine  in  an  alcohol  medium  in  the  cold  to  give 
2,5-diethyleneimino-3,6-dichlotoquinone  (IV),  which  is  also  formed  by  the  reaction  of  chioranil  with  ethylene¬ 
imine  [3],  Similarly,  under  the  same  conditions  2,6- diethoxy- 3,5- dichloroquinone  and  ethyleneimine  readily 
gave  a  good  yield  of  2,6- diethyleneimino- 3,5- dichloroquinone  (V)  as  lavender  needles.  At  the  same  time,  ft 
was  sliown  that  the  preparation  of  these  diethyleneiminodichloroquinones  did  not  require  pure  diethoxydlchloro- 
quinones  and  that  mixtures  of  d’em  could  be  used  as  starting  materials.  Treatment  of  an  alcohol  solution  of 
such  a  mixture  with  ethyleneimine  in  the  cold  first  gave  a  red- brown  precipitate  of  2,5- diethyleneimino- 3,6- 


*  After  the  present  article  had  been  written,  the  report  by  Gauss  [15]  appeared  and  In  this  he  gives  data  on  the 
preparation  of  2,6-bis(dimethylamino)-l,4-benzoquinone.  In  other  respects,  the  contents  of  this  paper  agree 
with  our  observations. 
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dichloroquinonc,  which  is  difficultly  soluble  in  alcohol,  and  then  cooling  the  filtrate  gave  the  relatively  soluble 
2,6-dietliyleneimino-3,.5-dichloroquinonc. 


As  was  reported  previously  [12,  13],  reaction  of  2,5-dicthylcneiminobenzoquinones  witli  various  amines 
results  in  citlier  die  opening  of  the  ethyleneiminc  ring  or  the  replacement  of  the  whole  ediyleneimine  group  by 
die  residue  of  die  corresponding  amine  to  form  2,5-diaminoquinone  derivatives. 

It  seemed  interesting  to  use  diis  reaction  for  the  preparation  of  derivatives  of  2,6- diamino- 3,5- dichloro- 
quinone.  However,  on  treating  2,6-diediyleneimino-3,5-dichlorobenzoquinone  (V)  widi  benzylamine,  cyclo- 
hexylamine  and  morpholine,  we  encountered  a  new,  interesting  type  ^f  reaitangement.  Imtead  of  derivatives 
of  2,G-diamino-3,5-dichlorobenzoquinone,  derivatives  of  2,5- diamino- 3,G-dichlorobenzoquinone  were  formed 
(VI,  VII,  and  VIII),  i.e.,  die  same  compounds  as  were  obtained  from  2,5-diediylencimino-3,6-dichlorobenzo- 
quinone  (IV)  or  chloranil  (I)  and  die  given  amines. 

Thus,  in  diis  case  diere  is  an  interchange  of  positions  between  die  amine  residue  and  the  chlorine  atom 
at  the  carbon  atoms  connected  by  double  bonds.  Wliat  is  particularly  interesting  is  diat  this  rearrangement 
occurred  even  under  the  action  of  morpholine,  which  does  not  displace  ediyleneimino  groups  from  the  molecules 
but  merely  opens  die  ediyleneimine  ring. 

Tlie  mechanism  of  diis  rearrangement  may  be  represented  by  scheme  A,  which  illustrates  die  reaction 
with  cyclohcxylamine.  A  series  of  successive  additions  at  die  double  bond  and  eliminations  of  die  elements  of 
the  amine  and  hydrogen  chloride  occur  in  diis  scheme.  Obviously,  if  we  accept  such  an  explanation  for  die 
given  rearrangement,  which  includes  several  stages,  dien  we  must  assume  that  numerous  side  reactions  are 
possible  and  as  a  result  die  yield  of  rearrangement  product  will  be  low  as  compared  with  the  yield  of  die  same 
product  from  2,5-diediylcneimine-3,6-dicliloroquinone  (IV ),  as  the  table  shows. 

Tile  reaction  of  2,6-dicthyleneimino-3,5-dichlorobenzoquinone  (V)  with  cyclohcxylamine  illustrated  by 
the  scheme  gave,  in  addition  to  die  rearrangement  product  (VII),  anodicr  substance  with  a  blue- green  color  and 
m,  p.  134-135*.  According  to  die  analysis  results,  diis  substance  was  apparently  2,5-dicyclohexylamino-3- 
etiiyleneimino-6-chloro-l,4-benzoquinone  (IX),  i.e.,  a  substance  which  could  have  been  an  intermediate 
product  in  die  chain  of  conversions  of  2,6-diediyleneimino-3,5-dichloroquinone  (V)  to  2,5-dicyclohexylamino- 
3,6- dichloroquinonc  (VII).  However,  by  starting  with  pure  triaminochloroquinone  (IX),  we  could  not  prepare  die 
diaminodichloroquinone  (VII)  using  the  same  or  similar  conditions  to  diose  under  which  the  latter  was  formed 
from  quinone  (V).  We  dierefore  consider  diat  the  formation  of  2,5-dicyclohexylamino-3-ethyleneimino-6- 
chlorobenzoquinone  (IX)  occurs  simultaneously  widi  die  formation  of  2,5- dicyclohexylamino- 3,6- dichloroquinonc 
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(VII)  according  to  scheme  (B).  Also,  it  is  possible  tliat  in  tliese  cases  the  addition  and  displacement  processes 
occur  in  die  1,4  and  not  die  1,2  position. 


A  comparison  of  die  literature  data  given  widi  the  results  we  obtained  shows  that  various  dialkoxybenzo- 
quinones  react  with  amines  with  different  facility  to  give  various  compounds,  depending  on  the  structure  of  the 
dialkoxyquinone  and  the  nature  of  the  amine  used. 


Results  of  Experiments  on  the  Reaction  of  2,5-Diethyleneimino-3,6-  dichlorobenzoquinone 
(IV)  and  2,G- Diethyleneimino-3,5-dichlorobenzoquinone  (V)  with  Amines 


Starting  material 

Solvent 

Reaction  time 
(in  mm) 

Substance 

obtained 

2  ^ 
2  c 

w 

Melting 

point 

Color  of  crystals 

piiii- 

one 

amine 

(IV) 

Benzylamine 

CII3OII 

f) 

(VI, 

no 

222—223° 

Yellow-orange 

(V) 

Benzylamine 

ClhOIl 

35 

(VI) 

50 

(IV, 

Cyclohexylamine 

ClhOU 

13 

(Vin 

03 

233-234 

Pink 

(V, 

Cyclohexylamine 

CII3OH 

120 

(VII) 

30 

(JV) 

Morplioline 

None 

10 

(VIII) 

so 

1S8-1S9 

Light  brown 

(V) 

Morpholine 

None 

10 

(VIII) 

32 

(V) 

Morpholine 

CII3OII 

75 

(VIM) 

45 

On  die  basis  of  a  study  of  the  reactions  of  dimethoxybenzoquinones  with  amines  and  ethyleneimine, 
Marxer  [4]  put  forward  die  hypodiesis  diat  the  reactivity  of  diese  compounds  depends  on  the  distribution  of  the 
electron  density  at  die  carbon  atoms  connected  to  die  medioxyl  groups.  In  2,6-dimedioxybenzoquinone,  the 
positive  charges  at  die  carbon  atoms  connected  to  die  medioxyl  groups  are  a  factor  of  two  less  than  those  of 
die  corresponding  atoms  in  2,5-dimedioxybenzoquinone.  In  2,6-dimedioxy-3,6-dibromobenzoquinone,  the 
bromine  atoms  promote  an  increase  in  the  positive  charge  at  die  carbon  atoms  beating  die  medioxyl  groups:as 
a  result,  replacement  of  the  medioxyl  groups  by  e thy Idnei mine  residues  becomes  a  possibility. 

On  the  basLs  of  our  investigations,  we  consider  that  only  amines  of  the  ethyleneimine  type,  which  have 
an  "atomatic"  character,  may  directly  enter  die  2,G"position  in  2,6-dialkoxy-3,5-dihalobenzoquinones  under 
the  given  conditions.  Apparently,  benzylamine,  cyclohexylamine,  and  similar  amines  are  not  held  by  the  weak 
positive  charges  at  die  position  2,G,  and  in  attempts  to  prepare  derivatives  of  2,G- diamino- 3,5- dichlorobenzo¬ 
quinone,  a  rearrangement  occurs  which  gives  the  more  stable  derivatives  of  2,5- diamino- 3,6- dichlorobenzo¬ 
quinone. 
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EXPERIMENTAL 


2,5- Dlcthoxy- 3,6- dichloro- 1 ,4- bcnzoquinone  (II)  and  2,6-dietlioxy-3,5-dichloro-l,4-benzoquinone  (III). 


imino-G-chloro-l,4-bcnzoquinone  (IX).  A  suspension  of  0.1  g  of  (V)  in  a  mixture  of  0.32  ml  of  cyclohcxylantine 
and  2.5  ml  of  methanol  was  boiled  for  2  hours.  After  approximately  10  minutes  the  first  lustrous  pink  erystals 
appeared  and  the  solution  became  greenisli-bluc.  Filtration  of  tlie  hot  solution  yielded  0.04  g  (307o)  of  a  pink 
precipitate  with  m.  p.  233-234°.  A  mixed  melting  point  of  die  compound  isolated  with  2,5-dicyclchcxylamino- 
3,6-dichlorobcnzoquinone  prepared  by  reacting  2,5-diethyleneimino-3,G-dic]ilorobcnzoquinonc  widi  cyclohcxyl- 
amine  [13]  was  not  depressed.  Cooling  of  the  dark  filtrate  yielded  the  greenish-blue  crystals  of  2,5-dicyclohcxyl- 
amino-3-ethyleneimino-G-chloro-l,4-bcnzoquinone  (IX).  The  yield  was  0.05  g.  After  two  recrystallizations 
from  alcohol,  the  substance  had  m.  p.  134-135°.  Tlic  substance  was  insoluble  in  water  but  soluble  in  organic 
solvents. 

Found  <70:  C  63.49;  H  7.49;  N  11.07;  Cl  9.57.  C2DH28O2N3CI.  Calculated C  63.57;  II  7.48; 

N  11.13;  Cl  9.40. 
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2,5-Di-(fl-morpholinylediylamino)-3,6-dichloro-l,4-benzoquinone  (VIII).  a)  A  suspension  of  0.1  g  of 
(V)  in  0.75  ml  of  morpholine  was  heated  to  boiling  tor  10  minutes.  The  precipitate  dissolved  to  give  a  dirty 
pink  solution.  Dilution  of  the  solution  widi  methanol  yielded  a  light  brown  precipitate.  The  weight  was  0.05  g 
(32^0),  Two  recrystallizations  from  a  mixture  of  methanol  and  chloroform  (1  :l)  yielded  golden- light  brown 
plates  with  m.  p.  188-189®.  A  mixed  melting  point  of  tlie  compound  with  2,5-dl-(fl -morpholinylethylamino)-- 

3,6-dichlorobenzoquinone  prepared  from  2,5-diethyleneimino  -3,6-dichloroqulnone  and  morpholine  [12]  was  not 
depressed. 

b)  A  suspension  of  0.1  g  of  (V)  in  a  mixture  of  0.26  ml  of  morpholine  and  2  ml  of  methanol  was  boiled 
for  75  minutes.  The  solution  was  cooled  to  give  2,5-dl-(fl -motpholinylethylamino)-3,6-dichloro-l,4-benzo- 
quinone  (VIII).  The  yield  was  0.07  g  (45 Vo). 


SUMMARY 

1.  It  was  shown  that  reaction  of  chloranil  with  alcohol  in  the  presence  of  triethylamlne,  with  a  1:2 
molar  ratio  of  chloranil  to  triethylamlne,  gave  a  mixture  of  2,5-diethoxy-3,6-dlchloro-l,4-benzoquinone  and 

2,6- diethoxy-3,5- dichloro- 1,4- benzoquinone. 

2.  2,5- Diethoxy- 3,6-dichlorobenzoquinone  and  2,6- diethoxy- 3, 5-dlchlorobenzoquinone  reacted  with 
etliyleneimine  to  give  2,5-dietltyleneimino-3,6-dichloto-l,4- benzoquinone  and  2,6-diethylenelmino-3,5-dichloto- 
1 ,4- benzoquinone. 

3.  It  was  establisljed  tliat  during  the  reaction  of  2,6-dietliyleneimino-3,5-dichlorobenzoquinone  with 
amines  there  is  a  rearrangen)ent  which  results  in  the  formation  of  derivatives  of  2,5-diaminobenzoqulnone  that 
are  identical  with  those  obtained  previously  by  reacting  2,5- dietliyleneimino- 3,6-dichlorobenzoquinone  with 
the  same  amines. 
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and  O.  N.  Nechaeva 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1385-1387,  April,  1960 
Original  article  submitted  March  14,  1959 


Barbituric  acid  derivatives  find  application  as  valuable  medicinal  preparations,  generally  v/ith  a  hypnotic 
and  narcotic  action  (veronal,  luminal,  barbamyl,  hexenal,  etc.).  Acyl  derivatives  of  barbiturates  have  been 
studied  little  [1,  2J,  especially  tliose  which  contain  carboxylic  acid  residues  in  the  1,3- positions,  i.e.,  on  one 
or  two  of  die  nitrogen  atoms  of  die  hcterocycle. 

According  to  patent  data  [3],  diacylatcd  barbiturates  are  good  hypnotics  and  are  less  toxic  than  the 
corresponding  barbiturates  without  acyl  residues. 

Henze  and  Spurlock  [4]  prepared  some  monoacyl  derivatives  of  luminal  and  of  Uiese,  N-propionyl-  and 
N-  a-bromodiethylacetylluminals  deserve  attention  as,according  to  die  data  of  die  authors,  they  have  quite 
strong  antispasmodic  properties. 

In  order  to  increase  die  anticonvulsive  action  of  die  compounds,  we  syndicsized 
benzoyl  derivatives  of  some  barbiturates,  in  the  first  instance,  luminal. 

N-Bcnzoylluminal  (1),  whicli  v/e  called  •bcnzonal,*  was  prepared  by  two 
methods.  The  first  of  dicse  consisted  of  treatment  of  die  sodium  or  potassium  salt 
of  luminal  with  benzoyl  chloride  and  die  second,  treatment  of  free  luminal  widi 
benzoyl  chloride  in  pyridine  solution.  In  both  cases  die  unreacted  luminal  was 
readily  recovered  and  could  be  reused  for  the  synthesis  of  benzonal  without  addi¬ 
tional  purification. 

Benzonal  formed  a  white,  finely  crystalline  powder  with  a  weak  unusual  odor.  It  had  m.  p.  134-135*. 

It  was  insoluble  in  water,  but  dissolved  readily  in  hot  alcohol,  acetone,  benzene,  and  chloroform.  It  crystallized 
from  alcohol  as  small  rliombic  crystals.  Tlie  absorption  curve  obtained  with  an  SF-4  spectrophotometer  differed 
substantially  from  that  of  luminal  and  may  be  used  as  a  criterion  of  die  preparation  purity  (see  figure). 

According  to  die  pharmacological  investigations  of  E.  M.  Dumenova,  benzonal  shows  a  strong  antispasmodic 
action  when  administered  intravenously  as  a  suspension  in  a  l-2'7o  starch  paste  at  a  dose  of  0.01  g/kg  weight 
of  the  experimental  animal  (dogs,  cats,  and  rabbits).  Widi  hypodermic  and  internal  administration,  spasms  are 
eliminated  and  their  appearance  prevented  by  a  dose  of  0.06  g/kg  (experiments  on  guinea  pigs).  It  was  less 
toxic  than  luminal,  but  much  more  active.  It  did  not  have  a  soporific  action  in  therapeutic  doses.  According 
to  die  preliminary  data  of  N.  V.  Shubin,  benzonal  has  a  considerable  dierapeutic  effect  in  serious  forms  of 
epilepsy  (observations  on  20  patients),  does  not  give  the  unpleasant  side  reactions  characteristic  of  luminal, 
and  is  readily  tolerated  by  patients  during  its  prolonged  use  (more  dian  4  mondis). 


.Nil— COv  .C2Hr, 


-CO 


/  \ 


CJb 


0=C-C6ll5 
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EXPERIMENTAL 


Preparation  of  benzoylluminal  from  die  sodium  salt  of  luminal.  Into  a  tltree- necked  flask  fitted  with  a 
stirrer,  reflux  condenser  witli  a  calcium  chloride  tube,  and  a  dropping  funnel  was  placed  25.4  g  of  freshly 
prepared  dry  sodium  salt  of  luminal,  obtained  by  the  action  of  sodium  etliylate  on  luminal  [5].  The  contents 

of  tlie  flask  were  heated  on  an  oil  bath  (140°)  and  14  g  (11.3  ml) 
of  freshly  distilled  benzoyl  chloride  added  dropwise.  Tlie  bath 
temperature  was  raised  to  180*  and  die  reaction  carried  out  for 
G  hours  widi  vigorous  stirring.  The  badi  was  cooled  to  75-80*, 

100  ml  of  dry  benzene  added,  and  the  mixture  stirred  for  15-20 
minutes.  Tlie  liquid  was  decanted,  the  residue  treated  2-3  times 
with  fresh  50  ml  portions  of  benzene,  and  the  combined  benzene 
extracts  left  to  stand  for  10-12  hours.  The  precipitate  was 
collected,  dried  at  60*,  and  recrystallized  2-3  times  from  alcohol, 
Tlie  yield  of  benzoylluminal  with  m.  p.  134-135*  was  about  8,4  g 
(25%), 

Found  %;  C  67,81,  68.01;  H  4.50,  4.76;  N  8.25,  8,31. 
q^li504N2.  Calculated  %:  C  67,85;  H  4.79;  N  8.33, 

Preparation  of  benzoylluminal  from  luminal.  A  mixture  of 
23.2  g  of  luminal  and  7.9  g  of  pyridine  was  heated  to  100*  on  an 
oil  batli,  14  g  of  freshly  distilled  benzoyl  chloride  added  dropvase, 
and  die  stirrer  started.  The  bath  temperature  was  raised  to  135* 
and  the  reaction  continued  for  6  hours.  The  mixture  was  cooled 
and  washed  3-4  times  with  benzene  (30-40  ml  portions)  by  de¬ 
cantation  to  remove  unreacted  benzoyl  chloride.  Tlie  sirupy  mass 
was  transferred  to  a  crystallizing  dish  and  left  in  a  vacuum  desiccator  for  the  removal  of  traces  of  benzene.  The 
reaction  mass  was  then  washed  repeatedly  widi  cold  water  until  the  smell  of  pyridine  disappeared  and  when  it 
had  solidified,  it  was  collected  and  dried  at  40  *.  Recrystallization  from  alcohol  (3-4  times)  gave  15-16  g 
(45-48%)  of  pure  benzonal. 


A  mu 

Ultraviolet  absorption  curves,  l)  N- 
Benzoylluminal;  2)  luminal. 


SUMMARY 


Metliods  were  developed  for  preparing  N-benzoylluminal  ("benzonal")  from  luminal  and  its  sodium  salt. 

By  pharmacological  tests  and  preliminary  clinical  trials  it  was  established  tliat  benzonal  has  a  strong  antlspasmodic 
action,  is  less  toxic  titan  luminal,  and  does  not  show  a  hypnotic  effect  in  therapeutic  doses. 
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Rieinoleic  acid  and  some  of  its  salts  and  esters  have  antibacterial  properties  [1-3]  and  a  certain  antiviral 
aetivity  [4-Gj  and  also  show  a  bacteriostatic  action  against  leprosy  [7]  and  tuberculosis  [8]  bacteria.  Therefore, 
it  seemed  interesting  to  prepare  some  derivatives  of  rieinoleic  acid  tliat  have  not  been  investigated  as  yet  so  as 
to  test  tlieir  biological  activity. 

We  obtained  pure  rieinoleic  acid  from  castor  oil.  Treatment  of  the  oil  witli  a  methanol  solution  of 
hydrogen  chloride  gave  methyl  ricinoleate  and  tire  action  of  acetic  anhydride  on  tlie  latter  yielded  the  acetyl 
derivative,  wliich  was  hydrolyzed  witli  an  alcohol  solution  of  potassium  hydroxide. 

Rieinoleic  acid  derivatives  could  be  prepared  only  under  mild  conditions  in  tltc  absence  of  acidic  agents. 
Tluis,  shaking  methyl  ricinoleate  with  a  methanol  solution  of  ammonia  gave  die  amide  of  rieinoleic  acid  (1)  and 
boiling  rieinoleic  ester  with  hydrazine  hydrate  in  alcohol  gave  the  hydrazide  of  rieinoleic  acid  (II).  In  most 
odier  cases  in  attempts  to  prepare  rieinoleic  acid  derivatives,  reaction  occurred  at  die  12-hydroxy  group.  For 
example,  in  attempts  to  prepare  die  acid  chloride  of  rieinoleic  acid  even  under  the  mildest  conditions  (action 
of  diionyl  chloride  at  room  temperature),  we  obtained  die  acid  chloride  of  1 2-chloroolcic  acid,  which  lost 
hydrogen  chloride  during  vacuum  distillation  and  was  converted  into  die  acid  chloride  of  octadeca-9,ll-dienoic 
acid.  The  formation  of  the  acid  cliloridc  of  1  2-chlorooleic  acid  was  confirmed  by  the  fact  that  treatment  of 
rieinoleic  acid  with  thionyl  chloride  in  the  cold  and  subsequent  treatment  widi  phenol  yielded  a  halogenated 
ester,  which  lost  hydrogen  chloride  during  vacuum  distillation  and  was  converted  into  the  phenyl  ester  of 
octadeca-9,ll-dicnoic  acid  (ill).  Tlie  hydroxyl  was  readily  replaced  by  chlorine,  even  by  the  action  of  thionyl 
chloride  on  mediyl  ricinoleate. 

In  an  attempt  at  the  preparation  of  die  nitrile  of  rieinoleic  acid  from  its  amide,  ammonia  was  eliminated 
at  die  expense  of  die  amide  group  of  one  molecule  and  die  hydroxyl  group  of  another  with  the  formation  of  an 
ester,  which  apparetuly  had  structure  (IV). 


Cn3(CI  12)501  ICI  I.,CI  I-CI  l(CI  lolvCONHz 
O 

I 

oo(cii2)7Ciu^oncii2Cii(on)(ci  12)50113 

(IV) 


Tlie  action  of  acetic  anliydride  on  die  amide  of  rieinoleic  acid  gave  die  nitrile  of  the  acetyl  derivative 
of  rieinoleic  acid  (V). 

An  attempt  to  prepare  phenyl  ricinoleate  by  the  action  of  phenol  and  phospliorus  pentachloride  on  die  acid 
in  a  xylene  medium  gave  only  octadeca- 9,11-dienoic  acid. 

Tests  of  die  compounds  obtained  for  chemotherapeutic  activity,  which  were  carried  out  by  co-workers 
of  die  Chemodierapy  Department  of  our  Institute  under  the  direction  of  G.  N.  Pershin,  showed  diat  the  majority 
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I 

of  them  had  a  weak  activity  against  tuberculosis  bacilli  and  patliogenic  fungi.  Ricinoleic  acid  was  found  to  be 
most  active  against  tuberculosis  (in  a  dilution  of  1  : 409,600),  but  tliis  activity  fell  in  the  presence  of  serum 
(dilution  1  : 10,000).  Ricinoleic  acid  also  has  a  weak  activity  against  influenza  virus. 

EXPERIMENTAL 

Amide  of  ricinoleic  acid  (1).  Metliyl  ricinoleate  (25.3  g)  was  shaken  with  50  ml  of  methanol  (saturated 
with  ammonia)  at  room  temperature  for  48  hours.  After  evaporation  of  the  reaction  mass  in  vacuum,  the 
residue  (a  waxy  mass)  was  collected  and  recrystallized  from  ligroin.  We  obtained  6  g  of  (l)  with  m.  p.  64  to 
65.5*  (according  to  literature  data  L9J:  rn.  p.  63.5*). 

Preparation  of  ricinoleic  ester  of  ricinoleic  amide  (IV).  The  amide  of  ricinoleic  acid  (6  g)  was  vacuum 
distilled  (200  inm  residual  pressure).  The  oily  liquid  obtained  was  fractionated.  We  obtained  3.2  g  of  (IV) 
with  b.  p.  215-220*  at  20  mm. 

Found  C  74.85;  H  11.64;  N  2.64.  C36H67O4N.  Calculated  C  74.87;  H  11.61;  N  2.43. 

Nitrile  of  1 2-acetylricinoleic  acid  (V).  A  mixture  of  21  g  of  the  amide  of  ricinoleic  acid  and  15  g  of 

acetic  anliydridc  was  heated  at  160*  for  1  hour.  The  reaction  mixture  was  evaporated  in  vacuum  and  the 
residue  distilled.  We  obtained  13.9  g  of  (V)  with  b.  p.  166-170*  at  0.8  mm. 

Found  C  75.24;  H  11.25;  N  3.71.  C20H35O2N.  Calculated  %:  C  74.70;  H  10.98;  N  4.36. 

Ilydrazide  of  ricinoleic  acid  (II).  To  a  solution  of  2.4  g  of  hydrazine  hydrate  in  20  ml  of  anhydrous 

methanol  was  slowly  added  10  g  of  methyl  ricinoleate  with  stirring.  The  mixture  was  boiled  for  1.5  hours. 

After  the  reaction  mixture  had  been  evaporated  in  vacuum,  the  residual  waxy  substance  was  recrystallized 
from  anhydrous  alcohol.  We  obtained  4.87  g  of  (II).  It  formed  colorless  prisms  with  m.  p.  99-100*,  which 
were  readily  soluble  in  acetone  and  acetic  acid  and  in  most  normal  organic  solvents  on  heating;  they  were 
insoluble  in  water. 

Found  %:  C  69.90,  69.97;  H  10.90,  11.69.  CigUgcOjNj.  Calculated  <yo:  C  69.17;  H  11.30. 

Plienyl  ester  of  octadeca-9,ll-dienoic  acid  (III).  To  a  solution  of  16  g  of  ricinoleic  acid  in  40  ml  of 
anhydrous  benzene  at  room  temperature  was  slowly  added  25.6  g  of  thionyl  chloride  with  stirring.  Stirring  was 
continued  for  4  hours.  The  residue  after  removal  of  the  benzene  was  vacuum  distilled.  The  fraction  boiling 
over  the  range  170-200*  at  0.4  mm  (4.76  g)  was  slowly  added  with  stirring  to  a  solution  of  6.1  g  of  phenol 
in  50  ml  of  anhydrous  toluene.  The  reaction  mixture  was  boiled  for  18  hours.  The  toluene  was  removed  In 
vacuum  and  the  residue  vacuum  distilled.  We  obtained  4.65  g  of  (III)  with  b.  p.  223-224*  at  0.75  mm. 

Found  *70:  C  80.59;  U  10.21.  CziHg^Oj.  Calculated ‘7o:  C  80.90;  H  10.11. 

S  UMM  ARY 

1.  We  prepared  tlie  hydrazide  of  ricinoleic  acid,  ilie  nitrile  of  1 2-acetylricinoleic  acid,  the  ricinoleic 
ester  of  ricinoleic  amide,  and  the  phenyl  ester  of  octadeca-9,ll-dienoic  acid,  which  have  not  been  described 
in  the  literature. 

2.  It  was  shown  that  due  to  the  hydroxyl  group  on  Cj2,  ricinoleic  acid  derivatives  readily  lose  water  to 
form  derivatives  of  octadeca-9,ll-dicnoic  acid. 

3.  Tests  of  the  compounds  obtained  for  chemotherapeutic  activity  showed  that  some  of  them  have  a  weak 
antituberculosis  and  antifungal  action. 
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SYNTHESIS  OF  ANALOGS  OF  SOME  NATURAL  COMPOUNDS 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  4,  pp.  1390-1395,  April,  1960 
Original  article  submitted  April  20,  1959 


A  whole  series  of  natural  compounds  with  biological  activity  have  been  found  to  contain  an  a- methylene- 
carbonyl  group  (I)  [Ij. 


C=0 
I  I 

(I) 

llicsc  include  ptotolichesterinic  acid  [2]  and  sarcomycin  [3].  Compounds  close  to  them  in  structure  and 
retaining  this  grouping  (I)  are  of  some  interest.  In  this  connection,  we  undertook  die  syndiesis  of  previously  un¬ 
described  o-methylene-  8-carboxy-  y-butyrolactone  (Ila),  die  first  representative  in  die  series  of  natural  lactones 
of  the  protolichesterinic  acid  type  (lib)  [4],  and  the  ethyl  ester  of  a-mediyl-  6 -methylenelevulinic  acid  (III), 
which  may  be  regarded  as  die  open  analog  of  the  ethyl  ester  of  sarcomycin  (IV)  I5j. 

r,|  12=-, - -COO  1 1  C.I  l2=C - CH— COOC.,!! CIlo-^C - CM— COOC-zHr. 

I  '  •  L 

oA\o/\n  o^  H:ii3 

(iia)  Ji t=  11.  (Ill)  (IV) 

(lib)  U  oil. (CM,),,. 

a- Methylene- fl -caiboxy- y  -butyrolactone  (Ila)  was  synthesized  in  die  following  way.  2,3,3- txicarbethoxy- 
propenc-1  (v)  [6J  was  condensed  with  paraformaldehyde  in  the  presence  of  catalytic  amounts  of  alkali  to  form 
lactone  (Vl),  which  was  hydrolyzed  and  decarboxylated  to  lactone  (Ila)  by  heating  widi  20°!o  HCl, 


COOCVI5 

I 

CH2=C - CH-COOC2H5  (CH,0), 


COOC'^Ug 

(V) 


Koil 


COOCjHr. 

CM2=| - j— COOC-2II.-, 

O^^O'^  (vn 


H+(H,0) 


CIl2=j - j— COOH 

O^O'^ 

(Ila) 


The  presence  of  a  semicyclic  double  bond  in  the  compound  obtained  (Ila)  was  confirmed  by  ozonolysis, 
from  which  formaldehyde  was  isolated  as  the  dimedon  derivative. 

Tlie  method  of  preparing  a- methylene-  fl-carboxy-  y-butyrolactone  (Ila)  was  extended  to  the  synthesis 
of  S-acetyl-y -butyrolactones  (X). 
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COOCaHr, 


COOC2H5 


(CH,0) 


ciiscocn-cnn 

I  CH,<)Na 

COOC^Ilg 

(VII) 


^  CFl.iCOG - CIIH 


-C,ll,OH 


CHaOn  COOC2H5 
(VIII) 


COOQ.H,-, 


cngco- 


(IX) 

(a)n  =  ii:  (b)R  =  cn,. 


(X) 


The  diethyl  ester  of  acetylsuccinic  acid  (VIl)  was  condensed  witli  paraformaldehyde  in  the  presence  of 
catalytic  amounts  of  sodium  metliylate  to  form  lactones  (IX)  as  a  result  of  the  elimination  of  a  molecule  of 
alcohol  from  hydroxy  esters  (VlII),  formed  as  intermediates.  When  heated  witli  25*70  HCl  at  50-60*,  lactones 
(IX)  were  converted  into  8 -acetyl- y  -butyrolactones  (X).  Tlie  method  developed  is  simple,  gives  high  yields 
of  6-acetyl-y  -butyrolactones  (X),  and  can  probably  be  used  for  tlie  synthesis  of  otlier  compounds  of  a  similar 
type. 

When  a- methyl-8 -acetyl-  >-butyrolactone  (Xb)  was  kept  in  50*70  alcohol  solution  of  HBr,  the  lactone 
ring  was  opened  with  the  formation  of  the  ethyl  ester  of  a-metliyl-  8 -bromomethyllevulinic  acid  (XI)  and 
treatment  of  tliis  witli  trietliylamine  gave  the  ethyl  ester  of  a-methyl-  8 -methylenelevulinic  acid  (III). 


CII3 


ClIsi’.O- 


(Xb) 


<'"3  r,iM)il.  Hiir  CllgCOCIl -0110000,115 
OHzBr 
(XI) 

OH3 

I  ■ 

->  OlInOOO-CIlOOOOsHs 

II 

0112 
(111) 


(C.HOiN 


Ester  (III)  gave  a  hydroxamic  acid  reaction,  formed  normal  derivatives  at  the  carbonyl  group,  decolorized 
a  solution  of  bromine  in  CCI4,  and  had  an  ultraviolet  absorption  maximum  at  216  m/j.  When  ester  (111)  was 
ozonolyzed,  we  Isolated  formaldehyde  as  the  dimedon  derivative  and  this  confirmed  the  presence  of  the  metliylene 
double  bond. 


It  is  interesting  to  note  that  hydrolysis  of  lactone  (iXb)  under  more  drastic  conditions  (boiling  with  20*70 
HCl)  yielded  not  8-acetyl-  y-butyrolactone  (Xb),  but  a,8 -dimethylacetylacrylic  acid  (Xll),  which  exists  in 
the  hydroxy  lactone  form  characteristic  of  acetylacrylic  acids  [7J. 


Treatment  of  acid  (Xll)  witli  an  alcohol  solution  of  HCl  yielded  its  ethyl  ester  (XIll),  which,  like  the  acid 
itself,  did  not  ^ive  a  semicarbazone  or  2,4-dinitrophenylhydiazone  and  tliis  may  be  regarded  as  a  definite  dem¬ 
onstration  of  its  hydroxy  lactone  structure. 


OOOC2H.S 

CHaCO-j - CH3 

(IX  b) 

CH3-=:pCH3 

Clli^^O^O 

(XV) 


cn3  CH3 

C,H,ONa  I  I 

CIl3CO(:=CCOONa 


H+(II,0) 


CjlIjOH,  HCl 
^KOIl,  11,0 


(XIV) 
CH3-  = 


=-Cll 


II.  AO 

Cll 


\l  I 

(XlII) 
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Hydrolysis  of  ester  (XIII)  with  an  aqueous  solution  of  alkali  and  acidification  yielded  the  starting  lactone 
(Xll).  It  is  probable  that  tlie  action  of  an  alcohol  solution  of  sodium  ethylate  on  hydroxy  lactone  (XII)  opened 
the  lactone  ring  and  formed  tlic  sodium  salt  of  the  acetylacry’lic  acid  (XIV),  which  was  converted  to  the  starting 
compound  (XII)  on  acidification.  Dehydration  of  hydroxy  lactone  (XII)  In  heating  in  a  mixture  of  acetic 
anhydride  and  acetic  acid  yielded  a,  fl-dimetliyl-  y  -metliylene-  y -butyrolactone  (XV),  a  close  analog 

of  protoanemonin  [7J. 

Lactone  (XV)  was  extremely  readily  polymerized,  rapidly  decolorized  a  solution  of  bromine  in  CCI4,  and 
had  an  ultraviolet  absorption  maximum  at  about  260  m/i ,  which  is  characteristic  of  compounds  of  this  type  [8J. 

EXPERIMENTAL 

o-Mcthv)ene-  3  ,8  -dicarbethoxy-  ^-butyrolactone  (VI).  Over  a  period  of  10  minutes,  a  solution  of  0.8  g 
of  KOI!  in  1  ml  of  water  was  added  witli  stirring  to  a  mixture  of  91  g  of  2,3,3- tricarbethoxypropene-1  (V),  13  g 
of  paraformaldehyde,  130  ml  of  ethyl  acetate,  and  30  ml  of  anhydrous  alcohol,  heated  to  60*.  Tlie  reaction 
mixture  was  then  kept  at  60*  for  b  minutes,  4  ml  of  concentrated  IICl  added,  and  Ute  mixture  cooled,  filtered, 
and  evaporated  in  vacuum  at  40-70*.  Fractionation  yielded  60  g  (72‘yr')  of  lactone  with  b.  p.  107-110*  (0.5  mm), 
n^D  1.4590. 

g- Methylene-  8-carboxy-y  -butyrolactone  (Ila).  A  mixture  of  21  g  of  lactone  (VI)  and  400  ml  of  20*70 
HCl  was  stirred  at  40*  lor  48  hours.  The  reaction  mixture  was  decolorized  witli  charcoal,  filtered,  and  evaporated 
in  vacuum  at  35*.  The  residue  cry'stallized  when  triturated  witlt  ether.  We  obtained  6  g  (49%)  of  acid  (Ila)  with 
rn.  p.  109*  (from  ether). 

Found  %:  C  50.63;  II  4.17.  M  142  (titration).  CgHgO^.  Calculated  %:  C  50.70;  H  4.23.  M  142. 

Ozonolysis  of  lactono  acid  (Ila).  A  solution  of  0.3  g  of  lactono  acid  (Ila)  in  15  ml  of  ethyl  acetate  was 
ozonized  for  6  minutes  at  a  rate  of  1  mmole  per  3  minutes  at  room  temperature.  The  solution  was  then  poured 
into  15  ml  of  water  containing  500  mg  of  zinc  dust  and  boiled  for  30  minutes.  The  hot  solution  was  filtered 
into  a  solution  of  450  mg  of  dimedon  in  15  ml  of  alcohol.  Crystallization  began  immediately  when  30  ml  of 
water  was  added.  Tlie  precipitate  was  collected  and  washed  with  alcohol  and  ether.  We  obtained  0.28  g  of  the 
dimedon  derivative  of  formaldehyde.  It  had  m.  p.  190*  (from  alcohol). 

6  -  Acetyl-6 -carbethoxy-  y  -butyrolactone  (IXa).  To  a  mixture  of  273  g  of  diethyl  a-carbeihoxysuccinate 
(Vila)  and  39  g  of  paraformaldehyde  was  gradually  added  a  solution  of  0.3  g  of  sodium  in  15  ml  of  methanol. 

The  mixture  was  then  heated  at  50  *  for  8  hours,  cooled,  diluted  with  ether,  acidified  witli  6  N  II2SO4,  filtered, 
washed  with  water,  and  dried  witli  Na2S04.  The  ether  was  removed  in  vacuum  and  the  residue  distilled  to  yield 
204  g  (80%)  of  lactone  (IXa)  with  b.  p.  123-125*  (1  mm),  n^D  1.4580. 

a-  Methyl-  3  -acetyl-6  -carbethoxy--)  -butyrolactone  (IXb)  was  obtained  analogously  from  the  diethyl 
ester  of  a-mediyl-a’-carbetlioxysuccinic  acid  in  75%  yield;  it  had  b.  p.  123-127*  (2  mm),  n^D  1,4585. 

6  -  Acetyl-  y  -  butyrolactone  (Xa).  A  mixture  of  202  g  of  lactone  (IXa)  and  2,1  liters  of  25%  HCl  was 
stirred  at  55*  for  55  hours,  decolorized  with  charcoal,  filtered,  and  evaporated  in  vacuum  at  40-50*.  Distillation 
yielded  97.5  g  (76%)  of  lactone  (Xa)  with  b.  p.  114-116"  (1  mm),  n^D  1.4680. 

Tlie  semicarbazone  of  lactone  (Xa)  melted  at  178*  (decomp.)  (from  aqueous  alcohol). 

Found  %:  C  45.38;  H  6.10;  N  22.8.  C7HUO3N3.  Calculated  %;  C  45.42;  H  5.95;  N  22.7. 

The  2,4- dinitrophenylhydrazone  melted  at  190®  (alcohol  —  acetic  acid)  [9], 

g- Methyl-  6 -acetyl-  y  -  butyrolactone  (Xb)  was  obtained  analogously  from  lactone  (IXb)  in  77%  yield; 
it  had  b.  p.  108-112"  (1mm),  n^D  1.4585. 

Found :  M  142  (back  titration),  CylljjOg.  Calculated:  M  142. 

The  semicarbazone  of  lactone  (Xb)  melted  at  190*  (decomp.)  (from  75%  aqueous  alcohol). 

Found  %:  C  48.57;  H  6.74;  N  21.16.  CgHiaOgNg.  Calculated  %:  C  48.24;  H  6.55;  N  21.10. 
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Etliyl  ester  of  ft-mediyl-  6-hromonicthylleviilinic  acid  (XI).  A  mixture  of  11  g  of  lactone  (Xb)  and  45  ml 
of  50*70  alcohol  solution  of  HBr  was  kept  at  0*  for  5  days  and  tlten  poured  into  water  witli  ice  (55  g)  and  extracted 
4  times  witli  50  ml  portions  of  etlier.  The  ether  extracts  were  combined,  washed  twice  with  15  ml  portions  of 
water,  and  dried  with  Na2S04.  The  ether  was  evaporated  in  vacuum  at  room  temperature  to  yield  12.4  g  of  the 
ester  of  the  bromo  acid  (XI)  as  a  light  yellow  oil,  which  readily  decomposed  during  storage  witli  tlie  evolution 
of  hydrogen  bromide;  it  had  n^D  1.4800. 

Etliyl  ester  of  a- methyl-  6  -  metiiylenelevulinic  acid  (III).  A  mixture  of  9.6  g  of  tlie  ethyl  ester  of  tlie 
bromo  acid  (XI),  10  ml  of  ctlier,  and  8  g  of  trietliylaminc  was  left  at  room  temperature  overnight  and  then 
stirred  at  35*  for  4  hours,  cooled,  diluted  with  100  ml  of  ctlier,  filtered,  washed  successively  widi  8*70  IICI  and 
water,  and  dried  witli  Na2S04.  Tlie  ctlier  solution  was  evaporated  in  vacuum  at  34*  and  distillation  yielded  3  g 
(46*70)  of  ester  (111)  as  a  clear,  mobile  oil,  which  was  stable  during  storage. 

B.  p.  52-53*  (0.5  mm),  n^®D  1.4450,  1.011,  MRd  44.7;  calc.  44.9.  Xmax  216  mp. 

Found;  M  168  (cryoscopically).  C9HJ403.  Calculated:  M  170. 

The  2,4- diiiitrophenylhydrazonc  of  ester  (III)  melted  at  110*  (from  75*70  aqueous  alcohol).  Xniax  268  m/i 
log  c  4.4  (alcohol). 

Found  *7o:  C  51.29;  H  5.30.  N  16.14.  C15HJI8O6N4.  Calculated  %:  C  51.42;  II  5.18;  N  16.0. 

Tlte  semicarbazone  melted  at  170*  (from  alcohol). 

Found  N  18.20.  CioH^OgNj.  Calculated  *7o:  N  18.50. 

Ozont^sis  of  the  ethyl  ester  of  g-metliyl- 8-methylcnelevulinic  acid  (III).  Ester  (III)  (0.3  g)  in  15  ml 
of  ediyl  acetate  was  ozonized  for  4.5  minutes  at  a  rate  of  2  mmole  per  3  minutes  at  room  temperature.  Tlie 
solution  became  lemon  yellow.  When  the  ozone  had  been  passed,  15  ml  of  water  and  500  mg  of  zinc  dust  were 
added  to  die  ethyl  acetate  solution.  Tlie  mixture  was  boiled  for  25  minutes.  The  hot  solution  was  filtered  into 
a  solution  of  450  mg  of  dimedon  in  15  ml  of  alcohol  and  30  ml  of  water  added. 

We  obtained  80  mg  of  die  dimedon  derivative  of  formaldehyde  widi  m.  p.  189*  (from  75*70  alcohol). 

a,  fl-Dimethylacctylacrylic  acid  (XII).  A  mixture  of  52  g  of  lactone  (IXb)  and  375  ml  of  20*70  HCl  was 
boiled  for  35  hours,  llie  solution  obtained  was  decolorized  with  charcoal,  filtered,  and  evaporated  in  vacuum. 
Distillation  yielded  30  g  (87*7o)  of  acid  (XII)  with  b.  p.  127-130*  (3  mm)  and  m.  p.  65*  (from  edict). 

Found  *7o:  C  58.85;  H  7.i0.  C^HioOg.  Calculated  *7o:  C  59.10;  H  7.05. 

Ediyl  ester  of  a,  3  -cllmcdiylacetylacrylic  acid  (XIll).  A  mixture  of  6.4  g  of  a,6 -dimediylacetylacrylic 
acid  (XII)  and  65  ml  of  20*70  alcohol  solution  of  IICI  was  left  at  room  temperature  for  5  days.  The  mixture  was 
evaporated  in  vacuum.  Distillation  yielded  7  g  (91*70)  of  ester  (XIII)  with  b.  p.  83*  (4  mm),  n^D  1.4530. 

Found  *7o:  C  63.2-4;  H  8.15.  M  172  (cryoscopically  in  benzene).  C9HJ4O3.  Calculated  *7o;  C  63.52; 

H  8.25.  M  170. 

Sodium  salt  of  a,  B- dimediylacetylacrylic  acid  (XIV).  A  solution  of  sodium  ediylatc  (2.0  g  of  sodium  in 
45  ml  of  alcohol)  was  gradually  added  witli  shaking  to  13  g  of  a,  6 -dimediylacetylacrylic  acid  (XII)  in  12  ml 
of  anhydrous  alcohol  at  5*.  The  precipitated  salt  was  collected,  waslied  widi  alcohol  and  ether,  and  dried  over 
P2O5  in  vacuum.  We  obtained  11  g  (73.5  *70)  of  the  sodium  salt  (XIV) ,  which  was  not  hygroscopic,  dissolved 
very  readily  in  water,  and  gave  die  starting  acid  on  acidification. 

Found  *7o;  Na  13.75.  M  163  (by  titration  with  0.1  N  HCl  to  bromophenol  blue).  C7H5O3.  Calculated  *7o: 
Na  14.01.  M  164. 

Hydrolysis  of  ethyl  ester  of  a,  S -dimcdiylacetylaci^'lic  acid.  A  mixture  of  5.3  g  of  ester  (Xlll),  10  ml 
of  4  N  NaQI,  and  4  ml  of  water  was  shaken  for  1  hour  at  70°  and  left  at  room  temperature  overnight.  The 
homogeneous  solution  was  then  washed  widi  ether,  saturated  witli  ammonium  sulfate,  and  acidified  with  hydro¬ 
chloric  acid.  The  reaction  mixture  was  extracted  dirce  times  with  ether  (30  ml  portions)  and  the  combined 
edicr  extracts  were  washed  with  water  and  dried  with  Na2S04.  The  ether  solution  was  evaporated  to  yield  1.4  g 
(31.6  *70)  of  aeid  (XII)  with  m.  p.  65*  (from  ether). 
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a,  6 -Dimethyl-  )  -methylene-  A^’  y-butyrolactone  (XV).  To  a  mixture  of  5  g  of  a,  8-ilimethyl- 
acetylacrylic  acid  (XII),  10  ml  of  acetic  anliydride,  and  20  ml  of  glacial  acetic  acid  was  added  7  drops  of  con¬ 
centrated  H2SQj.  There  v.'as  strong  evolution  of  heat.  The  mixture  was  heated  for  1  hour  at  90*  and  then  poured 
into  nno  ml  of  water  with  ice,  neutralized  witli  NaHC03,  and  extracted  with  ether  (2  x  100  ml).  The  ether 
extracts  were  combined,  washed  witli  water,  and  dried  with  NajSO^,  The  ether  solution  was  evaporated  in  vacuum 
at  room  temperature;  the  residual  red  oil  was  distilled  to  yield  3.5  g  (80%)  of  lactone  (XV)  witli  b.  p.  45-47* 

(2  mm).  Lactone  (XV)  was  soluble  in  tlie  normal  organic  solvents,  rapidly  decolorized  a  solution  of  bromine  in 
CCI4,  and  polymerized  very  readily.  Xrnax  ^62  m/j;  log  c  4.17. 

Found  %:  C  C7.02;  H  6.G0.  CTllgOj.  Calculated  %:  C  67.70;  H  6.50. 

SUMMARY 

1.  We  syntliesized  die  following  analogs  of  some  natural  compounds  which  have  not  been  described 
previously:  a- methylene- 6 -carboxy-  y-butyrolactone,  the  ethyl  ester  of  a -methyl-fi -methylenelevulinic 
acid,  and  a,6 -dimetliyl- y -methylene-  A  ^’®-y-butytolactone. 

2.  A  method  of  preparing  8  -acetyl-y  -butyrolactones  was  developed. 
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ELECTRONEGATIVITY  OF  ELEMENTS  AND  THE  FORMATION  OF 
INORGANIC  RINGS  AND  CHAINS 


lonel  Haiduc 

Chemistry  Faculty  of  the  "Babesh-Bolei*  University,  Cluj,  Romania 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  4,  pp.  1395-1396,  April,  1960 

Original  article  submitted  November  30,  1959 


In  the  Periodic  Table,  the  electronegativity  of  the  elements  (x)  on  Pauling's  scale  [1,  2]  varies  from 
X  =  0.75  for  Cs  to  X  =  4.0  for  F.  Lower  values  of  x  correspond  to  the  tendency  of  die  element  to  donate 
electrons,  and  higher  values,  to  die  tendency  of  the  element  to  accept  electrons.  Tlie  aridimetic  mean  of  xqj 
and  xp  is  2.4.  Tlie  electronegativity  of  carbon  equals  2.5,  i.e.,  carbon  has  die  least  tendency  to  accept  or 
donate  electrons.  Tliis  explains  the  remarkable  capacity  of  carbon  to  form  chains  and  rings.  Consequently, 
rings  or  chains  formed  from  atoms  of  an  element  widi  x  >  2.5  (electronegative  metalloids,  e.g.,  O  and  N) 
are  not  stable  due  to  die  tendency  to  accept  electrons.  On  the  odier  hand,  rings  and  chains  consisting  of 
atoms  of  an  element  widi  x  <  2.5  ("electropositive"  metalloids,  e.g.,  B,  Si,  P,  Ge,  As,  and  Sb)  are 
not  stable  due  to  die  tendency  to  donate  electrons.  Obviously,  widi  an  alternation  of  elements  A  and  B  widi 
Xy^  <  2.5  and  Xp  >  2.5  it  may  be  possible  to  achieve  compensation,  which  leads  to  stabilization  of  the 
ting  or  chain.  In  actual  fact,  die  literature  contains  descriptions  of  Inorganic  rings  [3]  and  chains  [4]  formed 
by  alternation  of  sucli  elements.  Tlie  table  gives  the  electronegativities  of  a  number  of  pairs  of  elements 
calculated  by  the  formula; 

•^AB  2 


Element 

A  X 

Element  B 

B 

G 

SI 

p 

s 

Gc 

As 

Sc 

Sb 

2.0 

2.5 

1.8 

2.1 

2.5 

1.8 

2.0 

2.4 

2.1 

0  x  =  3.5 

2.75 

3.0 

2.0 

i 

1 

2.8 

3.0 

2.0 

2.75 

1 

2.85  1 

2.8 

N  x  =  3.0 

2.5 

2.75 

2.4 

2.0 

2.75 

2.4 

2.5 

2.7 

2.55 

S  X  =  2.5 

2.25 

2.5 

2.15 

2.3 

2.5 

2.15 

2.25 

2.45 

2.3 

The  heavy  figures  denote  values  of  x^  for  which  Inorganic  rings  or  chains  formed  by 
alternation  ate  known. 

It  may  be  stated  diat  diose  elements  which  satisfy  the  equation  x^p  =  2.5  ±  0.35  (wliere  2.5  =  xq) 
may  form  inorganic  rings  or  cliains.  Tliis  becomes  mote  obvious  if  we  calculate  die  value  of  x  y^p  for  pairs 
of  elements  which  do  not  form  tings  or  chains,  wlicte  x^p  >  2.85  or  x^^p  <  2.15  (e.g.,  for  Si— P,  x  =1.95). 

Tlie  rule  reported  makes  it  possible  to  predict  which  elements  may  form  inorganic  tings  or  chains.  Tlius, 
it  may  be  expected  that  new  inorganic  cyclic  or  high-molecular  compounds  may  be  obtained  widi  Ge  — N, 

Ge  — S,  As  — N,  Sb  — N,  etc. .units,  which  have  not  been  described  in  die  literature  up  to  now. 
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COMPETITIONS  FOR  NAMED  PRIZES  OF  THE  ACADEMY  OF  SCIENCES,  USSR 


The  Division  of  Chemical  Sciences  of  ihe  Acad.  Sci.  USSR  advises  that:  1)  in  connection  with  the  centennial 
of  the  birth  of  Academician  N.  S.  Kttrnakov,  a  competition  will  be  held  on  December  6,  1960  for  the  Academy 
of  Sciences  N.  S.  Kurnakov  Prize  of  10,000  rubies  to  be  won  by  a  Soviet  scientist  for  outstanding  work  in  die 
field  of  general  chemistry,  physicochemical  analysis  and  its  application;  2)  a  competition  will  beheld  on 
February  6,  19G1  for  the  Academy  of  Sciences  N.  D.  Zelinskii  Prize  of  10,000  rubles  to  be  won  by  a  Soviet 
scientist  for  outstanding  work  in  the  field  of  organic  chemistry  and  petroleum  chemistry. 

Material  for  the  competition  must  be  submitted  to  the  Division  of  Chemical  Sciences,  Academy  of 
Sciences,  USSR  not  later  than  three  months  prior  to  the  date  of  the  award  of  the  corresponding  prize. 

The  address  of  die  Division  of  Chemical  Sciences  is: 

Moscow,  B-71,  Lenin  Prospect,  14. 

Organizations  and  individuals  proposing  candidates  for  a  particular  prize  must  forward  to  die  Division  of 
Chemical  Sciences  the  following  documents  and  materials,  marked  "for  the  competition  for  the  ....  prize;* 

a)  published  scientific  work  and  material  on  scientific  discoveries  or  inventions  in  three  copies  in  any 
language; 

b)  arguments  on  the  scientific  value  of  the  work  submitted; 

c)  audior's  abstract  of  scientific  work  up  to  a  quarter  of  its  length; 

d)  brief  biographical  information  on  die  candidate,  listing  his  main  scientific  work,  di<!coveries,  and 
inventions. 

Footnote;  work  for  which  a  prize  has  already  been  awarded  will  not  be  accepted  for  die  competition. 


Division  of  Chemical  Sciences 
Academy  of  Sciences,  USSR 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Gosencrgoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEIIZhT 

LET 

LETI 

LETIIZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nil  ZVUKSZAPIOI 

NIK  FI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.-Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.-Tech.  Press 

State  Power  Press 

State  Chcm.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  PreSs 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec,  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr, 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modern  Motion  Picture  Photography 
United  Sci.-Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Construction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab. —  Ministry  of  Electric  Power  Plant* 
Central  Office  of  Economic  Information 
Ural  Branch 

All-Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Metrology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst, 


Note:  Abbreviations  not  on  tliis  list  and  not  explained  in  the  translation  have  been  transliterated,  no  further 
information  about  their  significance  being  available  to  us.  -  Publisher. 
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